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1 proposed Imve bee., chosen Tor their ability to catalyse 

IIKTECI ION S\ S I hM r" f | m ann V (1972). Hie Journal of Immunology 109. 

i ii c mi 5 129) The enzymes proposed arc. for example, those 

, his is . continuation-in-part ol ««y ".I.e. U.S. pa- 5 , co r oufc< , end product or winch pro- 

tC n, application Scr. No. 193 647 now abandoned filed v.h,ch jt«.nc ^ ^ ^ wWc| . 

( )ct. 3. 1980. , . ,, „„ „ ll<!ed UD i n ,|,c generation of a coloured end product. 

•, „, present invention relates .,» assays which use a J* ™ ''J,*^ lhc prob | crn of introducing the 

r-.gc.il that is cnzymc-l.nkcd. ... eclion alK |. , 0 en/.yn.c label in a high enough concentrat.on and also 

Vhmous methods are ava.lablc for the dc. L ct.on anu h j , attaching an enzyme to an 

,„r identification of substances ,n. for cxamp e * mplcs the P~Jlern V ^ . n a ^ of 

of KHly materials. Immunoassays make use of the jpea- »Ubody ^ numbcr rf mo eculcs t0 

fict v ol the reaction of an anl.geu with .is antibody for «'»'y« 1 J ive , smalli „ it is inlpor tant 

£ detection of substances which are ^antigenic o can be d tee ed may^ ^ ^ 

be made antigenic or. conversely. a«anl*od« or th ^ imm|J tlhsc the spec.- 

derivatives thereof. Immunoassays may be used lor I he * illtera ction between antibod.es and antigens 

detection of any substance ofany ongin prov .ded U f a Us toty o« th ^ ^ Jh 

within one of the above category, and are par Ocularly to de* ^ Qf ^ thM h 

useful for testing samples of body n.atenals fo the de morco e . ; for each olher . these are the 

action of various types of substances especially to- 20 an ««« ^ , hc ^ ofUn in associate 

»lly occurring substances, for example, hormones the «*ep,o« ^th conlpleinclltary partners There is 

content of which may change under certain urcurn- w,tr ce ^ ^tween antibodies and antigens 

sunces. for example, pregnancy; substances winch may ° ds an P d reccptors , e . g . a substance that ,s 

he present in the body under certain crcumrtanco but » d «j£ '« als0 * , hc partner for a non-ant.body 

which are not normally present, for P»™Jj r 15 "^S. Moreover, it has proved difficult .to . daun. 

tumour antige.,s specifically associated with rna hgnan JJ«f o cc „ fcccp , ors from ant.body mo - 

5 ,a,es;andnonn a turallyoccurr.ngsubstances.forewm gu.s.^ ^ partnefS for non . an t,body receptors 

nlc. certain drugs. . . arc substanC es produced by the body ilseir. for enmple, 

' indicated above, immunoassays may also be used are ^suDSi p ^ intcrmcdlatcs m he 

fur the detection of antibodies rather than anugens ror JO honnoi u.op ^ 

example in autoimmune diseases and certain cancers. nervous i sy. reccptors a „ d 

and also to detect certain infectious diseases wh.ch give ^JJJ* J^Jte each 0 , h er and bind specifically 

£ to altered specific antibody litres « Smother in the same manner as do antibodies 

liduals. In .he latter case, the disease may be detected with one ^ bc ^ assays that are 

and. if desired, its course followed *W«P«^ '^f. " ^analogous to immunoassays for the detection 

individual to monitor, for example, response to treat °' d/ y dc(crmiria ,j 0 „ of cither partner, 

men., or previous infection may be detected, for exanv and/or de . fc p the observauon .ha 

nlc in .he. testing for rubella. . 1 [ u$cd ^ thc label in an .mmunoassay or 

' Immunoassays may be used for qualitative or quant.- th myn,t u ^ ^ produccs dl . 

,a« ve dTernuLions. Colour reactions and precip.U,- 40 ana logon » » sub$tancc tha , is capable of mfiu- 

£„ reactions, for example, using '^^'"/^ C a la .ytic event without itself be.ng consumed 

^^^^^^ P-d, a method for 

^r^SU-e assays, one of .« ^^o^ 

Eve a number of disadvantages, however, mcluding ^rnponent ^ ^ ltS elf capabk 

he cost and complexity of mcasunng cquipmen i(when J?*^. ^ Roving a modulator (as hereinafter 
conntcd with colourimetric assays), health hazards JO o fproduci > ' ^ cconJ * ys , cm D r that is the first en- 
SISS w th radioisotopes, the .ca. lin.it to sensU.v- defined for a sec ^y^ ^ 
„ v cau ed by the degree to which radioisotope, may be zymcjn a en y hereinafter defined) for a 

'il.corpora.cd in antigens and nnti.xxlics and the mevita- = J. ^ detcnnining ;hal pornon of - 
hlc decav of the label on storage. component to be determined by allowing me 

sSSlarlv. nuoresoent labels also require expensive » ^ " m J mc afld , other enzymes m ^ the enzyme 
euuip "u nt for their determination, and have the further pnmary ^ , hc modu , a ,or for the 

Sv ntage tha, iinmuno.luo.ccen. ^ s'ys.en, allowing the secondary system u 

ulnrly dink-tilt to standardise and to quantitatc. The jeco o y <>f abKMX< „ approp ate) of 

;«S.nc.,t of results is very subjective and can result in un, Hon n P , produel of the sec- 

««-r P l»blc deg.ee of variation among worker*. « By pr( Hluci..g or removing as approp .- 

( c Physical and physico-chennca. methyl s arc o ml. O s «c > P ^ . & achc(vcd „ 

..I., "vail ,1.1c for the decci.-n of further types of labels ate 1c substil ,„ iaIly more ,| l: ,n one molecule of 

, „ J „ib.K.5« a,ul antigens, but these o o, have hm. P«^« J ^ syslcnl pcr molecule of modu- 

applicabilily and again «m,u..c special.^! and expen ^ j^^ ^ 

<1V ^SXve bec ,, ,. gc, ar< .he proems J^^S^m^ P»«/ 
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spatial andjrhargc con figuration of each other and of enzyme system is an enzyme activator, and enzyme 

binding specifically w,U. each other. illhibilort arc an exarnple of anolhcr ' U ^ 1C 
Ltgands are for example, ant.gcns, haptens, and the tors. In the latter case, the primary enzyme systcnimu!, 
partners of cell- and non-cell associated, non-antibody be capable of removing an inhibitor to ".witch on" th e 
receptors, and receptors arc, for example, antibodies 5 secondary enzyme system. 

and non-cell and cell -associated non-antibody rccep- In some cases, the primary enzyme system may be 
tors. The term "non-antibody" receptors as used herein capable of simultaneously producing an activator for a 

includes non-antibody leccptors obtained from natural secondary enzyme system and of removing an inhibitor 

sources and those /produced synthetically or scmi-syn- therefor. 

thetically, and also includes analogues thereof that are 10 An example of a further type of modulator is a sub- 
capable of binding to the appropriate partner. Similarly, stratc or cofactor for a secondary system that is capable 
their respective partners may be obtained from natural of regenerating the substrate or cofactor. Such a sec- 
sources, or may be synthetic or semi-synthetic, or ana- ondary system involves a cycle. The modulator 
logues of natural partners provided that they are capa- "switches on" the cycle, which can then continue to 
ble of binding to the appropriate receptor. 15 turn almost indefinitely, provided there is a sufficient 

The antibody component of an antibody-enzyme supply of the appropriate substrates. The cycle com- 

conjugate of the invention may be any immunoglobulin prises two or more reactions, at least one of which may 

obtained from any source, provided that it is suitable for be enzyme catalysed. The other reaction(s) in the cycle 

taking part in the desired assay. In some cases, it may be may each be enzyme catalysed or not. 

preferable to use a heterogeneous antibody population, 20 The modulator may be physically separated from the 

for example, as obtained from a whole blood sample, secondary system, for example, it may be present in a 

whereas in other cases it may be preferable to use mono- cell or vesicle. In this case, the primary enzyme system 

clonal antibodies. Furthermore, there may be used produces the modulator by causing all or some of the 

mixed antobodics. that is to say. antibodies having light modulator to become available to the secondary system, 

and heavy chains originating in different molecules, the 25 for example, by causing the cell or vesicle to rupture or 

mixed antibodies being produced by hybridisation. become permeable. 

It will be appreciated that, instead of being bound to The use in assays of the enzyme conjugate of the 

a complete immunoglobulin molecule, the enzyme may invention circumvents many of the problems and disad-- 

be bound to a suitable immunoglobulin fragment. Ac- vantages encountered with radioactive and fluorescent 

cordingly, the term "antibody" when used herein dc- 30 labels, and has advantages over previously proposed 

notes any immunoglobulin molecule or any fragment of uses of enzymes as labels, for example, the sensitivity of 

an immunoglobulin molecule containing an intact anti- the assay is improved and the product of the primary 

gen binding site and being capable of being bound to the enzyme system is not consumed in the reaction for the 

enzyme without substantially interfering with the anti- determination of the label. 

gen binding. Examples of suitable immunoglobulin frag- 35 By producing or removing a modulator for the sec- 

ments are Fab and (Fab 1 ): fragments. ondary system, eg. by producing an-activator and/or 

The antigen component of an antigen-enzyme con ju- removing an inhibitor for the secondary enzyme sys- 
gate of the invention is any antigen that is capable of tern, or by producing a regeneratable substrate or coen- 
being bound to the enzyme without substantially inter- zyme for the secondary enzyme system, or a regencrata- 
fering with its antibody binding capacity. The term 40 ble substrate or cofactor for a non-enzymic system, 
"antigen" when used in the present specification in- amplification is achieved. Each molecule of modulator 
eludes haptens, and "antigen-enzyme conjugate" in- results in the production of substantially more than one 
eludes haptenenzyme conjugate, unless otherwise indi- molecule of product of the secondary system. The mod- 
elled, ulator produced or removed by the primary enzyme 

The term "modulator" is used herein to denote a 45 system can be regarded as a catalyst for the secondary 

substance that gives rise to a catalytic event but of system, eg, the presence of an activator or removal of 

which there is no net consumption during the catalytic inhibitor "switches on" an enzyme, and a regeneratable 

event. substrate or cofactor "switches on** a secondary eyefc 

The term "enzyme/* is used herein to denote a partic- which can then continue to turn with determinable 
ular enzyme activity. (An enzyme may have the form of 50 product being produced at each turn of the cycle. This 

a discrete molecule or an enzyme complex which may is in direct contrast to those previous proposed enzyme 

display more than one enzyme activity.) labels for immunoassays where the enzyme bound in an 

The term "primary enzyme system" is used in the enzyme conjugate cither produces a determinable prod- 
present specification to denote a system that comprises uct directly or produces a substrate for a further en- 
an enzyme conjugate of the invention and that is capa- 55 zyrne reaction in a simple linear, usually 1:1, ratio. The 
ble of producing or removing a modulator for the sec- amplification serves to increase the sensitivity of the 
ondary system. The primary enzyme system may com- assay directly by causing the production of larger num- 
prise the primary enzyme as the only enzyme, or it may bers of determinable molecules than would be produced 
comprise a scries of enzymes of which the primary directly by ligatid or receptor*t>ound enzyme, and thus 
enzyme is the first. 60 helps to overcome one of the disadvantages of the prc- 

The term "secondary system" is u*cd herein to de- viously proposed use of enzymes, that is to say, the 

note a reaction or reactions modulated by the product tendency toinactivation of certain enzymes on conjuga- 

of the primary enzyme system, thai is to say, the pri- (ion. 

mary enzyme system produces or removes a substance A further advantage is that the reactions involving 
that, in the presence of the secondary system, gives rise <>5 the primary enzyme system and the secondary system 

to a catalytic event without being consumed (in net may be carried out separately. This' gives greater flcxi- 

tcrms) during the catalytic event. An example of ,1 type bilily with regard to the time and place at which the 

of modulator that may be pnxlucrd h\ the primary reactions are carried out. It is also generally easier to 
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..uanlilalc the secondary system if '.he reacmw are 
' ed ,' «! separately from .hose of .he prutK-ry sys.cnu 
M ,« vcr. .here is greater freed,.,,. ... the ch.r.ee o 
for «h«- secondary system as .here can be used 
, „ < system enzymes thai are not su.tablc for conjuga. 

hgand or receptor. U« example, a secondary 
c' , o !ue syl-,n may comprise an inso.ub.c enzyme or an 

UB X^ ST-hnvc. .he primary enzyme ; ys,cm used 
„, Uu- n.elh.Kl of the invent™ ...ay co.npr.se the pr. 
,rv enzyme, .ha. is to say. .he enzyme present m t« e 
Sgate! as he only enzyme, or it may con.pr.se more 
,T<me enzyme, only the primary enzyme bang bound 
Snd or receptor with each other enzyme gener- 
X pSc ■ g «hc s«bs.ra,e for the nex, enzymejr may .5 
oe nSStblelo use a reaction chain as short as possib e. 
J /example, using .he primary enzyme only o prepuce 
„ r remove the modulator for the secondary enzyme 

Ny Tc';.o„,l-.rv enzyme sys.c.n. too. may comprise one 20 
A secondary * f a( . livation ant l/or inhi- 

bur!.S3'i S - «■>■"* »• ««* -r^* 

e me ystem. or the modulated enzyme may be part 
f^HcLn or cycle comprising other enzymes and/or 
o^ me°cata y .ysed reactions. Wb« the - » 

zvmes may be used tn series. 
' A secondary enzyme system may be a mixed system 

system must be capable of modulatmg the secondary 
^Dealing first with the secondary system, this may 

;;;r::;:^u -«s^rp^« 



some enzymes. A compart.ncn.a.ion system as de- 
scribed below may be used with metal ions. 

The secondary .ystem preferably produce, a deter- 
minable substance or uses a substrate that can be rcad.ly 
determined directly. Tor example, spectrophotomctr.- 
cally. by colour, by staining, manometricatly. by light 
production eg using ATP on firefly extract, or m.crob,- 
ologically eg by using bacteria with specific nu.r.t.ona 
requirements, or by measuring physieochcm.cal 
changes, eg. conductance changes. Hie determinable 
substance produced may. however, be determined ,nd.- 
rectly. by acting as the substrate for one or more further 
reaction(s) producing a readily determinable end prod- 
uct or may be a regulator for a Turther react.on. An 
enzyme system may. for example, catalyse a react.on m 
which carbon dioxide is produced eg. using pyruvate 
decarboxylase; in which the oxygen tension is changed, 
eg using glucose oxidase with measurement by an oxy- 
gen electrode; or in which DNP-hydrazine can be used 
to produce a coloured end product. It is particularly 
convenient to utilise an enzyme system capable of pro- 
ducing NAD or a compound that can partake in a reac- 
tion in which NAD/NADH interconvers.on is in- 
volvcd. (Abbreviations used in this specification are set 
out before the Examples.) 

Some examples or primary enzyme systems compns- 
ing one enzyme only with associated secondary enzyme 
systems also comprising one enzyme only are given ,n 
Table I below, by way of example only: 

TABLE I 



Primary enryme 



Secondary cntymc 



I. Eniyme (hit produces 
cyclic AMP eg. adenylate 
cyclase 



Glyosylatc reductase 
(reduces glyosyiale) 



J. Eniyme that removes ATP. 
especially .hat converts 
ATP 10 AUP eg. ATPase 
eg. apyrase 
4. Glutathione reductase 
(produces glutathione) 
J. Fumarase or fumaryl 
acetocciale lyase 
(produce fumarale) 



Eniyme subject to activa- 
tion by cyclic AMP eg. 
phosphorylase B kinase, 
pyruvate carboxylase, 
phosphoenol pyruva.e 
kinase 

liocitrate dehydrogenase 
(inhibited by mixture 
of glyoaylate and o»a- 
loacetate) 

Eniyme inhibiled by ATP. 
especially when also 
.ctivated by ADP eg. 
isocitrale dehydrogenase 
Glyotylase 

(activa.ed by glutathione) 
Mitochondrial NAD linkcd 
malic eniyme (activated 
by fumarale) 



,n the examples given above, the primary enzyme 
, y «em comprises one enzyme only. As indicated P rev, 
ously. however, the primary enzyme system may eon, 
prise several enzymes, only the firs, being bound m a 
conjugate. An example of such a sys.c.n. with a stng.e 
enzyme in .he second system, is given helow: 



r 
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I'nmary ct*/.ynnr 
lyxtctn 



•pyiuvaic kinase* 
Pyndofcitl , 



pyiittttiat 

rynthu.il 
pin hate 



kinase l 



API* 



Air 

c 

AHP 



to 



Secondary enz.yme 
system 



activator for 



amino acid 



dccarhoaylasc 
A furlhur example of such a system is (lie following 



Glucose 




zymcs arc incorporated, however, particularly if tticy 
arc themselves subject to modulation, di (To rent advan- 
tages may be achieved, for example, with regard to the 
sensitivity of the assay. 

An example of a simple system that can be extended 
with the addition of extra enzymes is that utilising £ 
coli Type I pyruvate kinase (PK) as the secondary en- 
zyme system with phosphofructokinase as the primary 
enzyme. Phosphofructokinase produces fructose- 1,6- 
diphosphate (FDP). which is a very potent activator for 
& coli Type I pyruvate kinase (in the presence of certain 
amounts of phosphoenolpyruvatc, cf. M. Malcovati, G. 
Valcntini. H. L. Kornberg, Acta vitamin, enzymol. 
15 (Milano) 1973, 27,96. 

The system described above can be extended by pro- 
viding ATP, which is required by phosphofructokinase, 
indirectly by means of an enzyme capable of converting 
ATP to ADP, for example, mammalian pyruvate kinase 
or & coli Type II pyruvate kinase. Such a system has 
the advantage that it generates more ATP (the modula- 
tor) during the reaction to drive the activator-produc- 
ing enzyme faster. 



G Iucose-6- phofcphai e 



(For this method, the phosphoglucomutase must be in 
the de-phosphorylatcd condition. The enzyme can be 
de-phosphorylated by exposing it to fluoride ions.) 30 

In all diagrams,* * denotes the primary ie. conjugated 
enzyme, and there are given only those components of 
the various reactions that are necessary for the under- 
standing of the reaction schemes. 

As indicated previously, a secondary enzyme system 35 
may comprise only one enzyme, or it may comprise 
several enzymes, more than one of which may be sub- 
ject to regulation by a modulator, if desired. An exam- 
ple of a system comprising a chain of reactions in the 
secondary system is the following: 40 



45 



Primary enzyme 
system 



\DP 



•pyruvate kinase* ( 
(non-regulated 
F6P 



ATP < 

isphfructokinase j\ 



phosphf ructok inase 



ADP 





pyruvate 



ATP- 



4- Kumar y lace to 
acetate 



) 



inaleytacetnacctatc 
isomcrase 



4-fumaryfacctoacctAte 
lya.se 



50 



I'uinarii' actd 



activator for ^ 

mitochondrial NAO-ltnkcd 
malic enzyme. 

In this case, the product of the primary enzyme sys- 
tem is the modulator for the first enzyme in the second- 
ary enzyme system, and extra multiple amplification is 
achieved by the inclusion of a further modulated en- 
zyme in the secondary system. 

It may be preferable to use primary and secondary 
enzyme systems as simple as possible When more en- 



As soon as the primary enzyme (non-regulated pyru- 
vate kinase) produces some ATP, phosphofructokinase 
is able to produce fructose- 1 diphosphate (FDP), 
which in turn activates the FDP-sensitive pyruvate 
kinase (which is preferably present in relatively high 
concentrations). Phis pyruvate kinase, loo, converts 
ADP to ATP which, if both primary and secondary 
enzyme systems are allowed to react together in one 
vessel, further increases the production of FDP by 
55 phosphofructokinase. This leads to augmented stimula- 
tion of the FDP-sensitive pyruvate kinase, and a sub- 
stantially explosive increase in the production of pyru- 
vate from phosphoenolpyruvatc. The pyruvate can be 
converted to lactate by lactic dehydrogenase, with con- 
commitant oxidation of NADU which can be followed 
photometrically. Alternatively, the pyruvate can be 
reacted with DNP-hydrazinc to give a coloured end 
product. 

An example of a system in which the modulator, once 
produced by the primary enzyme system, is sclfproduc- 
ing, is that involving the conversion of complement 
factor CJ to C.M> as follows: 



60 



65 
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comprises fructose diphosphate and phosphofructo- 



IrnntHry rnnmr 



kinase. 



17 



•Oi'onverla*c* 
(for eaamptc of the 
els weal palhw»>) 



Pi 




->Ob 

^ activate* 

C3-eonverta*e of the 
alternative pathway 



10 



>i ^Fructose-6-phoiphate ATP 
K/ 1 . ^\ / Phcnpho- 

Fructose di- ] I* Kna*e 

phosphatase 1 I 

VFfuclc»e-l.6-diphosphate^ ADP 



<~CJh 



Complement component C3 is cleaved proteolytic*! I y 
to form the fragments C3b and C3a. There are two 
distinct C3-convertases which can do this: that of the 
so-called classical pathway of complement activation 
and that of the alternative pathway. Significantly, the 
latter is unlike the former in that it requires C3b itself to 

function. r . 

tn the reaction scheme shown above, the C3b formed 
by the independent C3-convertase. in activating the 
dependent convertase. results in an increase in the for- 
mation of C3b. This positive feed-back system would 
operate until maximal activation was achieved and very 
much more C3b was being produced than by the pri- 
mary system alone. Either CJ. C3b. C3a or the biologi- 
cal effects of these mediators in, for cxamlple, cell lysis 
or provocation of anaphylactoid reactions can be fol- 
lowed to indicate presence of the primary enzyme sys- 

tC As indicated above, the primary enzyme system may 
produce a rcgeneratable substrate for a secondary sys- 
tem. In this case, a secondary enzyme system may com- 
prise two or more enzymes. Preferably one of the en- 
zymes produces or uses a substance that is readily deter- 
minable. A two-enzyme system is, for example, as set 
out schematically below: 



It is possible to determine the production or con- 
15 sumption of any of ATP, ADP and inorganic phosphate 
(Pi). 

The primary enzyme system for the above secondary 
enzyme system should be one that is capable of produc- 
20 i n g cither fructose-6-phosphate or fructose- 1.6-diphos- 
phate. Fructose-6-phosphate may be produced by a 
primary enzyme system in which phosphoglucomutasc 
is the primary enzyme, converting glucose-l-phosphate 
to glucose-6-phosphate, which is then converted by 
phosphoglucoisomerasc to fructose-6-phosphate. Fruc- 
toses-phosphate may also be produced from glucosa- 
mine-6-phosphate by glucosamine-6-phosphate deami- 
nase. Fructose- 1 ^-diphosphate may be produced from 
glyccraldehyde-3-phosphate and dihydroxyacetone 
phosphate by the action of aldolase, to enter the cycle at 

35 the bottom. 

A further example of a cofactor cycle used in a sec- 
ondary enzyme system is the following: 



25 



[>— ~ Substance / 



Enzyme 2 



40 
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Primary eniyme 
system 



APS 

♦ Adenosine-5'-lriphosphale 
Jsuffurylase * 



Enzyme I 



Secondary enryme 
system 



pyruvate - V*- 



Substance 



50 



Substance X is the product of the primary enzyme sys- 
tem The secondary enzyme system should be selected 
so that there is build-up oral least one of U and D and- 
/or a decrease in at least one of A and C (.nsofar as they 
exist) a. X recycles via Y. Provided suitable amounts of 
A and C are piesenl. substance X will be continually 
recycled, using one molecule of each of A and C per 
cycle and producing one molecule of each of B and D. 
A, leas, one or A. U. C and D is preferably rcad.ly 
determinable itself or may participate in one or more 
farther reactions to give a determinable product or to 
um.- a determinable substrate. More than two enzymes 
may be combined in larger cycles or in interconnecting 
cyel.-s. Alternatively, substance V may be the product 
,.f the primary rntyint system. (In either case, the cycle 
mav be reversed, il desired.) 

An example of a system dcscr,l>cd m general terms 
: ,Ik.vc is that in *hich iln: secondary enzyme system 



^ 

PtP 



pyruvate 

kinase 




ATP phosphohydrolase 
ir other ATPase 



k ADP 



(Adenosinc-S'-triphosphate sulfurylasc converts adeno- 
sinc-3'-phosp!iatc-5'-phosphosulphate to ATP and 
" S0 4 .) Alternative enzymes for the production of ATP 
i„ the primary system arc. for example, pyruvate plios- 
phate dikinasc. which catalyses the following reaction: 
60 IMIP + AMP-T pyrophosphate- ♦pyruvate + ATP + 1\ 
and ATP:D.ribosc-5-phosphatc pyrophosphotransfc- 
ra.se. which converts AMP and 5-phosphoribose-l- 
pyrophosphate to ATP and lVribosc-5-phosphatc. 
« This system may be niodifictl and extended, provid- 
ing an example of a system involving both a cofactor 
cycle and a modulated enzyme: 



r 
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Primary eniyme 
«y*trm 



Secondary 
enzyme 
i vi t cm 



Eniyme 2 



^ •|.n/\ntf I' 



* at'tiva- 
| tor foi 



ADPv I 

\ £ m/r pyruvate kinase V^PEr 

J ' 1>pr ' t 

ATP Nf pyruvate 



10 



A secondary enzyme cycle involving an NAD(P)- 
/NAD(P)H intcrconversion may therefore be deter- 
mined directly. 

In the case of secondary enzyme cycles involving 
NAD(P)/NAD(P)H intcrconversions, it is preferable to 
use a primary enzyme system capable of producing 
NAD or NADP, for example, NADP may be produced 
from NAD by NAD-kinase, and NAD may be pro- 
duced from NAD-dihydroxyacetonc + nicotinamide by 
NADasc (DPNase). Examples of such cycles are given 
below: 



Enzyme 1: see above 

Enzyme 2: phosphoglycerate kinase or non regulatory 
pyruvate kinase 

The third reaction is preferably carried out separately 
from the second reaction. 

Systems involving regenerated substrates arc directly 
analogous with systems involving rcgeneratabtc cofac- 
tors (coenzymes). 

An example of such a system is the following, in 
which NADP is the regcncratable coenzyme: 



I Primary enzyme system I 



NAD V 



NAD-kinase 



■i 



Air 



ADP 



NADP 
o kida.se 



^NADP 
NADPH 



NAOP-spcciric 

uocitrate 

dehydrogenase 



Secondary enzyme 
system 



kctogluterate 

DNP-hydririne 
coloured product 



15 



20 



25 



30 
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As mentioned above, a modulator, for example, a 
substrate or coenzyme, may take part in a secondary 40 
enzyme cycle in which not all the reactions arc cn- 
zymecatalysed. A simple example of such a system is as 
follows: 



Uncaulyscd 

chemical 

reaction 



D^Suhslancr X 
cA Substance 



A 

Enzyme 
0 



Primary 
enzyme 
system 



NAD 



•NAD-kinase* 



blue 

coloured 
product 
MIT 

tetratolium 




1/ dehydrogenase 




VNADPH 

N A D-d i hyd rox y acetone 
+ nicotinamide 

NADasc* (DPN ase) 



blue 

coloured 
product 
MIT 

tctraxolium 



NADC 



NADU 1 



alcohol 

dehydrogenase 



Secondary 

enzyme 

system 



A modulator may moreover, take part in a secondary 
system that does not comprise any enzymes. In such a 
case, the modulator is a substrate or cofactpr for a cycle 
in which the modulator is regenerated, so there is no net 
consumption thereof (of the wholly and partly cat- 
alysed cycles mentioned above). 

A possible example of such a cycle is that in which 
the primary enzyme is peroxidase, which removes io- 
dine (in the form of iodide ions) from thyroxine. The 
iodide ions may then be recycled in the secondary sys- 
tem via iodine, eg as follows: 



45 



Either substance X or substance Y may be the prod- 
uct of the primary enzyme system. An advantage of ^ 
such a system is that it may be |>ossiblc to use a total of 
only two enzymes: one in the primary enzyme system 
and one in the secondary system. 

An example of a group of reactions that may partici- 
pate in such a cycle are oxidation-reduction reactions, 
for example, involving NAD/NADU or NADP- 
/NADPH intercon versions. An example of such a cycle 
is given below: 



Primary 
Enzyme 
system - 



Secondary 

Enzyme 

system 



•peroxidase* 



reactant 
which gives 
oxidation 
product 



Thyroxine 



n 

I la quinone 



Alternatively, use may be made of a system using an 
iodide-iodine cyclic reaction (see Clinical Chemistry 
principles and Techniques, R. J. Henry, Harper & Row. 
New York 1964, p.7) as follows: 



Unclalywd Dtatf NAO(I') \ / A 
chemical T )[ li«»vii 

reaction C/\ NAIXP)M^» 



60 



Substances capable of reduction with coiicommilanl 
oxidation of NAD(P)H arc well known, lor example. 
3*-(4.5-dimcthyIthia7.olyl-2)-:,5-diphcnyllctr;tzolium 
(MTT tetrazoliurn) is particularly useful, because on 
reduction it gives a blue coloured product and. more- 
over, the results are linear with regard to the NAD(P). 



As' 
Av 



4 I 9 N/ 00 * 4 



As indicated above, the modulator may be physically 
6S separated from the secondary system, the primary en- 
zyme sysleru causing the modulator to become avail- 
able. I he modulator may be an activator or inhibitor or 
an rcgeneratablc substrate or co-factor. Metal ions are 
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i«d Metal ions arc modulators o, a nmnlx-r or en- ' . o-suy may a h 

pwuv-r kinase «d ^;X cly 5 ^XtoaparticoLantig^in which case, house.* 

I he modulator may hv present " rcl.iluci> _mt.ii * _, rccC ptor is preferable. An assay using 

. ..ntcmralions i„. for example. » synthc-l* or semwyn- I - • u ^^ r >^;~ ^ wn nloresped nc than 

„,;,ic vesicle or an organelle or cell, or may simp 1> be a non-an. IhkI> recc, to y J^^g 

,.„,,,„ in a normal cell. I he P ,.n«. y en*> mc system an av ay ^ usmg an a y t ^ ^ 

U ruptuu- or lyse .he vesicle tt-l or may s.m P V ^^J^'aecui whereas the corre- 

„,akc il more permeable, to the modulato, ... It* . M 10 achx . | art fc. 

„a, thc.e is leakage of sumc.cn, nmoun.s of modula.or s^ing "JJj^ J^,,^ of cross P rcaetions . 
i.i affect the secondary system. Antibodies and antigens have a specific affinity for 

, he use of.yso.ymc ant. ""jJ^^Jr?- cad o^when. however, an ant^ody-antigen corn- 

suitable f<.r the d.sruption of tells, orga.ulles and vcs. cat. ^ ^ ^ lcmem 

cics. Either lysotymc or trypsin may be bound n he 15 pic . h* t*c« xo ligan d-receptor pair. Factor Clq 
desired conjugate with the other being present .n the fecto Clq can lorn, g P F t<j 

reaction mediun. for disruption of the structure. In gen- ^^^^J c Z P \cl of any type, 
eral. the trypsin is preferably bound in the conjure, detect anybody an igc p ^ y^ ^ ^ 

with higher concentrations of Ivsoryme ,n the reaction ^ J£™*£2Lna**y or anal ogous technique in 
medium. ^,,'.1. „ labelled lieand or receptor is used as one of the 

l.ysozyme itself is capable ol lys.ng the mtcroorgan-. . ^^^^'g^ may be qualitative, quantitative 
ism AficnKOCCus Ipodrik,^ I ln« imci oorganism may ^^^S^J^/.J'y technique are well 
therefore by used as such o. may have its interna con- J^^*^ for example, competitive binding 
cent ration of a modulator mcrcased. to be ruptured as known ana m • . v techni and any 

desired by a primary enzyme system compnsmg .yso- 25 ^Jgg^^, for cxamplc . tcchniq „es which 

^SSSSSSL may * used for detect- use co pet.ve ^^~SX2t?Z 

Sf/I^sla^ Z^^^™^^ 
„l and non-clinical fields; they are Particularly ■useful m 30 |here is , for exanlple , 

any circumstance where it .s necessary to delect and/or J" ' ^™ P ^, ween thc u „known amount of one com- 
dcLninc small or very small amounts of «b«-»» ^^^SSrf^ionl of the same component 
Clinical uses include, for example the detection and/or pone .mount ofilscomplementarycompone.it. 

determination of blood group substances of Australia JJ^™ ^ generally bound to a 

antigen, of disease. -of various m.crob.al or.g.ns c* 35 ^ e ^/Xreby ft can be readily isolated and one 

2= <S£^^~^^ *™ " ts is gencra,,y ,abe,,ed in Mme 

foetal proteins in foetal material and even m maternal 40 assay « ^..brat y ^ ^ ^ MoweA 

material eg. blood, or in associate w.th certain mal g- to rjnligcn b do ^ ^j,,. Us spe . 

„ant states, of antibtxlics .ssoaaled w.th au(o.mmune JrSSSy The antibtnly is then taken out of solu- 
diseases and certain cancers, and drugs. l«'™«° assa £ ^ ^ matrix _ and if ,he antibody or antigen is 
are particularly useful in forensic inves .gat.ons. as the ,,or onto t* : m . ^ ^ on 

amounts of substances to be detected and/or de er- 45 lab Jed rf lhe amount of spec ific ant i- 
mined is often very small. Drug dctcct.o,.. ^^^--^^"^^^ that has taker, place. Jh.s 
ensic investigations and in tnvest.gat.ons a»oc.aled ^ intcrfercd in a modification of 

with human and animal sporting events may be advan- cymtaatoon m y ^ ^ ^ ^ 

tageously carried out by in.muntmsays. fhe method of f"^^' , f a la % c exccss of soluble antigen 

,|,e invention may be used for df.ettmg any ■ o the 50 b«.nrfubte. inds ^ and thus rcmains in solu- 
above substances, and also any- other substance that ca„ used he a. a* y sites and 

be detected and/or determined by an ™»rj^J ^ e unable to bind with matrix-linked antigen. 

Assays analogous to immunoassay for tht delec on tnt . ^ , n ric 

and/or determination of ligands and recent... _, other Subrta a .y B ^ t[)an sa(urali 

than antigen/antibody pa.rs are also useful cl.n.ca ly 55 M , uMc , nti win in more free anl.. 

and otherwise. Such ligands are, for example - amou nttrtf jo ^ matrix . linkcd an,, 

moncs. for example, insulin, glucagon. p.u lary tor- body ^ ca)ibralcd . |n of 

moncs eg. vasopressin, oxytocin and trophic hormone . gen. U c ( ^ ^^^^ quaMtIta . 

- r an,ounts or an,iBen presc,,t in " unknown " Mra ' 

« a S;La^,ionofma,rix-bo Un dan,ige„is,hatwh,ch 

••^^Ja^;::^ 

syt ^.s r ^ ^ ^ ss?- - — - - — - - — ,y - 



tknerally, "sandwich" techniques arc based on I lie 
following: one component t*f an ligand-reccptor couple, 
(generally bt unlet J to a solid matrix), is contacted with 
ihtf sample i outlining an unknown amount of the com- 
ponent to be deicimiKd. I his. hound to the first com- 
ponent (and gcuci::M\ matrix linked via the first compo- 
nent i ( is determined by the use of a further sample of the 
fust component < which has been labelled in some way, 
and is not matrix bound). or a third component that has 
spc ifie affinity for the component to be determined and 
ihix\ is itself labelled. ( The chain may be longer than 
thk) ' 

In a "sandwkh" assay using a ligand and non-anti- 
body receptor, either the ligand or the receptor may be 
ni.nrix -bound. If (he receptoi is malrix-bound, then a 
further sample of that receptor may be used after the 
ligand has been bound thereto, or a mixed assay may be 
carried out, ie. the receptor is matrix -bound, the ligand 
is bound theteto, and then labelled antibody against the 
ligand. is used to detect the bound ligand. 

"Sandwich" techniques have certain advantages over 
competitive binding techniques, for example, further 
amplification may be achieved because there will often 
be more than one receptor site for the conjugated en- 
zyme to bind, so more than one molecule can bind per 
molecule of substance to be determined, thus increasing 
the sensitivity of the assay. 

A further advantage of sandwich techniques is that it 
may be possible to use a standard enzyme conjugate, 
which may simplify the determination and is often more 
convenient when carrying out assays for different sub- 
stances. An example of a system using a standard conju- 
gate is that in which a sheep antibody against the anti- 
gen to be determined is bound to a solid matrix, the 
antigen to be determined is then contacted with the 
sheep antibody, free antigen is removed, a goat anti- 
body against the antigen is contacted with the antigen, 
free antibody is removed, and finally a standard labelled 
antibody with specificity for the antigenic determinants 
on goat antibodies is contacted with the goat antibody. 

After an assay has been carried out according to the 
chosen technique or mixture of techniques, it is usually 
necessary to separate the portion of enzyme conjugate 
that is to be assayed from the portions of enzyme conju- 
gate that arc present in the assay reaction mixture but 
are not to be assayed. This is facilitated by the conjugate 
being bound, during the assay, to an -insoluble matrix. 

I "he matrix may be,- for example. Sephadcx, a plastics 
material eg. nylon, cellulose or a derivative thereof, for 
example, bromoacetyiccllulc.se (cf. Self ct a!., loc cit). 
Some receptors, both antibodies and other receptors, 
may be cell -associated in vivo; some antibodies are 
present on cell surfaces, some receptors arc also associ- 
ated with cell surfaces, and some receptors arc present 
inside cells. Cell* associated receptors of any type may 
he used after isolation and purification, or they may be 
used in association with all 01 part of the cell ic. already 
matrix- bound. 

Generally, the matrix -bound conjugate is assayed, but 
that portion of the conjugate left in suspension may be 
assayed. 

I he enzyme hound in the conjugate is then generally 
allowed to catal>sc the appropriate reaction. If two or 
more reactions an: required to modulate the secondary 
*y»lcm. these may be car tied out simultaneously or 
su'A essively as sep.oaie it: actions, in each case in situ or 
ir; different reaction \essel.s. 1 he icaction(s) catalysed 
by the secondary s intern may also be carried out simut- 
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taneously with those of the primary enzyme system (ie. 
on modulation by the primary enzyme system) or as 
separate reaction(s) and may be carried out in situ or in 
another reaction vessel. 

5 It is often preferable to allow the primaiy enzyme 
system to react for a predetermined time, and then to 
allow the modulator to contact the secondary system 
for a predetermined time. As mentioned above, separat- 
ing the primary and secondary systems makes it more 

10 easy to obtain quantitive results and gives greater free- 
dom in the choice of enzymes. 

It is also possible, in some cases, to release th primary 
enzyme from the enzyme conjugate after the portion of 
enzyme conjugate to be assayed has been isolated, for 

15 example, if the enzyme is bound in the conjugate by 
disulphide bonds, it may be released by the action of 
dithiothrcitol. If this is done, the free enzyme is reacted 
subsequently as described above for enzyme conjugates. 
In general it is preferred to have the secondary sys- 

20 tern primed, that is to say, to have all the components 
present in optimal amounts and under optimal reaction 
conditions so that the presence or removal of the appro- 
priate modulator will result in an immediate and optimal 
reaction. In some cases, however, it may be desirable to 

25 delay the action of the secondary system. This may be 
done by not combining the product of the primary sys- 
tem (the modulator) with the secondary system, or by 
omitting one or more of the components of the second- 
ary system. Addition of the missing component will 

30 then initiate the reaction. 

A conjugate of the invention may be bound to a mi- 
cro-titre plate, a lest strip or dip stick. In the former 
case, the whole reaction sequence may be carried out on 
the plate. Microti! re plates are well known in the art, 

35 and ones suitable for application in previously proposed 
enzyme immunoassays (Elisa, or. Enzyme-linked Im- 
munosorbent assays) are available commercially. Test 
strips and dip sticks are also known. 

In the method of the present invention, the enzyme 

40 conjugate may be determined in situ ie. each of the 
reactions, starting with that catalysed by tfic primary 
enzyme, may be carried out on the micro-litre plate. 

Test strips and dip-sticks may be used analogously to 
micro-titre plates. 

45 A kit comprising components suitable for carrying 
out an immunoassay of the invention is also part of the 
present invention. ., 

A conjugate of the invention may be prepared by any 
method suitable for binding ligands and enzymes or 

50 receprors and enzymes. Such methods are well known 
and often utilise Afunctional agents. The two compo- 
nents are preferably bonded such that the ligand -recep- 
tor binding sites on ligands and receptors arc not sub- 
stantially impaired, and also that the active site of the 

55 enzyme is not inactivated. 

As has been explained hereinbefore, the modulaloi 
for the secondary system may serve to activate the 
secondary system by its production or serve to activate 
the secondary system by its removal if it is an inhibitor. 

60 Of these two alternative methods it is generally most 
desirable that the modulator activates the secondary 
system when it is produced by the primary system. Thus 
a favoured method of this invention comprises carrying 
out an assay for the ligand or receptor, the assay requir- 

65 ing a conjugate between the ligand or receptor and a 
primary enzyme that is itself capable of producing a 
modulator for a secondary system and determining that 
portion of labelled component to l>c determined by 
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17 i.i Since this form of my invention relics upon the pro- 

ilt |.,win* the primary e.uyme to function so that said a ^ mo dulator for the secondary sys- 

m.Ni.1 r is podured. whereby «* ^"'^.^ tTbythe action ofa conjugate ofa phosphatase the 

is ca.is.tl ...» function, .ml determining a P-oduc. of the tern) > ^ ^ ^ apprcdBtc „,„, , he assay w ,|| be 

M t..Hulnry system. . , carric<1 ou , in the presence of NADP. Schematically 

As preciously indicated herein the method of « I s 5 t ,, c |aUer J art ofthe assay may be represented 

invention is particularly suitable when adapted for the there o 
dwrr.nina.iou of an antigen. Also as prcvou ly nd.. 

,.„cd heroin the method of this u.ven.ion is parUculo r ly ^ 

suitable when adapted for the dctern..«al.on of an ant.- (o . 

system once it is "switched on" by the primary r system. product or ^ reduced product 

Particularly rapid rises in the presence or the detectable dclertni ned during this assay. I behevc that one 

product of the secondary system can occur when the m»yo e „ dvanlages of lWt amplified assays 

Secondary system is capable of regenerating a subst ate * ^ Qf a ^ b by 

oTco acfor (i.c. a modulator) for the secondary system fat ^ measuring devis «. One part*. 

rTi rnxluced by the primary enzyme system. Th.s , mclhod of pro ducing an optical ly de ect- 

as lc of he invention in which the modulator is a J™*^,. changc is l0 employ MTT «etra» hum <»bo 

or co factor for a secondary system that is J"" 0 ; f , bllie or 3.(3,4.dimethylth.a*oly)-2)- 

ctaWeo "ge grating the substrate or co-factor is par- ^^^Vyltctrarolium) which on «ta-UD. « 

Sa ly favoured. Yet more favourably in this form of W £ X a qw co , our dark colour (for «- 

i EinSon the secondary system comprises a cycle £ g Wucish/ greyish/ «^)^J«J^ 

capable of generating the substrate or co-factor. Sys- vo > red feduc|We reagent for use is ^f^™^ 

^ c ^t,i L l, can be adapted to favourable purposes in- TW , often produces a more marked colour 

5 Sc t a P^iiy Vyi- —Prising phosphofructo- Jta m: .6 ^ rf M t««fer «t«t 

k ase and a secondary system compns.ng pyruvate J0 such as PE S (also known as phename ethosulphale). 

ki Se UPC a. at (b) a primary system comprising phos- A favourcd oxidizib l c reagent for use , n thel NAD/ 

prising one enr> me caia.yi secondary flte , hat a more detailed representation of the ^rcceed- 

^SX^i^ Cala, r S ^atic representation may be written thus: 

Sons or (c) a secondary system comprising two 

enrvme catalyzed reactions. ■ 

As previously indicated particularly apt systems for 40 phwph . tU c 
; ;., .his invention comprises osidation/reduction ^ 

S L employing NAD/NADH in- J u h , , co m 

^conversi«,ns and NADP/NADPH interconversions reduced ptt * u j|l V hydrogen.* . 

01 Vradfa^aren, hereinbefore, the method of this 45 MTtA KAOH^— «^ 

modulator is allowed to control the econi a ry jgicm. change W > ^ u f ,„ duIa 

(|„ this aspect the modulator will not be an mh or* 50 JVJtJJ « introduced ciccpt by the action of the 

produced Ik,.. NAUP by - conjugate between a hgand men, s urc^ V ^ phosphatase may be bound o 

or receptor and a phosphatase. ' Land or receptor using any convenient method suci 

In one as,>cct .his invention provides a method I for . I'B4«^« tion with a Afunctional conjugating reagent 

dd. . ^ " f ^hcl!^^. :ud.\; i SPD,"(N-succ il ,imidy..2'.(2-pyridy.d,th,o,pro. 

• c<nn v,,en. is a conjugate between a l.ganc I or a 60 I k . W.Ucd wor p^^ ^ ^ ^ ar 

c ,., and a P lH«,.tata« canaMc of pr<>ducnig NAU ^^^.^ is conjugated .0 an an.. body 
h i, is a .no lula.or f... a secondary system wl c J^J Ji",,. Preferably the phosphatase « conjugated 
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receptor and a phosphatase which method comprises ELISA systems ure well known - sec for example: 

contacting said conjugate with NADP and the compo- Vollcr, A & Bidwell, D.E. (1975) Brit. J. Exp. Path, 

nenls of a NAD/NADH cycle other than NAD or 56:338 Engvoll. E & Pcrlman, P. (1971) Immunochem. 

NADU and determining a product of that cycle. 8:871 Vollcr, A., Hidwcll. D., Huldt, G. & Engvall, E. 

Most suitably the ligand and receptor are an antibody 5 (1974) Dull. Wld. HUh. Org. 51:209 Carlsson. H.E., 

or antigen although other moieties are envisaged, for Lindbcrg, A. A. & Hammerstein, S. (1972) Infect. Im- 

example a drug and its receptor. mun.G:703 Vollcr.A. Bid well. J.E. & Bartlctt, A (1976) 

From another view, (his invention provides a method Microplatc Enzyme Immunoassays of Virus Infections- 
of determining a conjugate between an antibody or from Manuals of Clinical Immunology, Chapt. 69 (Ed. 
antigen and a phosphatase which method comprises 10 N. & Friedman, H), Am. Soc. Microbiol. p506. 
contacting said conjugate with NADP and the compo- Vcldkamp. J. & Visser, A.M. (1975) Brit. J. Voter . Dis 
nents of a 8 NAD/NADH cycle other than NAD and 51:227 Vollcr, A., Didwell. D.E. & Bartlctt, A. (1976) 
NAD!* and determining a product of that cycle. Natu- Bull. WW HUh ft^53J5 Vollcr, A BJdweU D.E & 
rally the method will be carried out under conditions " arlle "'. * 0976) 1 he Application or Micro-Plate En- 
such that when NAD is produced by the conjugate the " W-Unked Immunosorbent Assays to Some In fee- 
cycle will operate. Since sufficient amounts of the rea- *™» D » scases in ( 7 h . c / , ^ Intcra | a ^" a ' £^"^™ 
. • j » A0 z„ m ,1,. ...,-f- «.;n i~ r>r~m„t •„ Immunocnzymatic rechmques INSERM Symposium 
gents required to drive he cycle * ill be present an * H p uM Uihg Co. 

amphHcation is achieved that greatly increases the sen- A ; cxtrcmeIy ef r ccUvc ELISA system is presently 

sitivity of the detecnon method. Normal y the reagents avai|ablc as ^ ^ frQm ^ Bio J roduclS( 

employed are in sufficient excess » that their concen- WalkersviIlc , Md . 2 1793, USA. This Test Kit (their 

trations do not limit the amplification achievable. catalogue number 30-3000) is a sensitive method for the 

Most aptly the conjugate employed is a conjugate of dcterminalion of Rubclla virus IgG anlibody in hunian 

alkaline phosphatase since it has been discovered that scfum Howevcr the mcthod recommends a relatively 

the optimal pH for the cyclic reactions is very suitable y long fina | incubali o n period and theuscof aspectropho- 

for the operation of alkaline phosphatase (pH 8-10-5, lomclcr Amplification of this test by the method of this 

more aptly 9-9.5 for example 9.3). This allows one to i(lvention a u 0W s for the reduction of the incubation 

cause the primary reaction and the cycle to proceed jod and aIlows visual determination (without the 

simultaneously if desired. If a conjugate of acid phos- nccessary use of a spectrophotometer), 
phatase is used the initial reaction is generally carried 30 Amplification can be achieved by the method of this 

out at pH 4-6, for example 5.6. At this pH die cycle invention by inter alia cyclising substrates or alterna- 

does not work efficiently so that when the pH is raised livc | y by c lyclising cofactors (coenzymes). It is particu- 

to allow the cycle to operate the acid phosphatase is Iar | y advantageous to cycle NAD and NADH when at 

effectively switched off and produces no further NAD. j cast one ( prc fcrably NAD) acts as cofactors as herein- 
This has the advantage that simpler kinetics and easier 35 before described. One of the advantages of this cofactor 

quantification can be achieved. cycle is its ready ability to be linked to the production of 

Alkaline pH values as outlined above may be visually detectable changes as hereinbefore described., 

achieved using conventional buffers such as an The following abbreviations are used in the present 

ethanolamine/HCL buffer. Acid pH values as outlined specification: 
above may also be achieved using conventional buffers 40 GIP. glucose- 1 -phosphate; 

such as a citrate buffer (buffers of both types may be Q6P, gIucosc-6-phosphate; 

obtained from commercial supplies such as Sygma or p$p^ fructosc-6-phosphate; ' 

the like). FDP, fructose- 1,6-diphosphate; 

The assays of this invention may be carried out at any ATP, adenosine triphosphate; 
non-extreme temperature such as 5*-45* C. but gener- 45 ADP, adenosine diphosphate; 

ally it is preferred to carry out the assay at ambient AMP, adenosine monophosphate; 

temperatures. - r PEP, phosphoenolpyruvate; 

Most desirably this invention provides a mcthod of NAD, nicotinamide adenine dinucleotide; 

amplifying an enzyme linked immunoabsorbent assay NADH, reduced NAD; 
(ELISA) system which utilizes a phosphatase linked to 50 PGM, phosphoglucomutasc; 

a ligand or receptor wherein the amplification is PGI, phosphoglucose isomcrase; 

achieved by using the phosphatase linked to a ligand or PKF, phosphofructokinasc; 

receptor to produce NAD from NADP which NAD PK, pyruvate kinase; 

starts a NAD/NADP cycle one product of which is LDH, lactic dehydrogenase; 
determinable. 55 FDPase, fructose- 1.6-diphosphatasc; 

The reagents and products of this amplified system DNP, dinitrophcnol; 

may be as hcrcinforc described. NADP, nicotinamide adenine dinucleotide. phosphate; 

ELISA systems which may be amplified in this man- NADPH, reduced NADP; 

ner include those adapted to the detection of: Malaria; APS, adenosine 3'-phosphatc-5'-phosphosulphate. 
Amocbiasis; Schislomosiasis; OncluHxrciasis; Toxo- 60 The following Examples illustrate the invention, 

plasmosis; Hydatidosis; Trichinclla; Babesia; Leishma- EXAMPLE 1 
niasis* Trypanosome; Cytomegalovirus; Hepatitis I) 

anticen- Measles- Rubclla: Plant Viruses; Erythrocyte (a) Preparation of Pyruvate kinase Extract 

Aniens- Factor Viii-rclalcd antigens; antibodies Cultures of li coli strain KM were grown on a syn- 
aaainst rubella cholera, li.cali; Salmonella O antigen; 65 Ihctic medium containing essential nutrients and glyc- 

markcrs of oncological importance such as alpha-foeto- erol as carbon source, until well into their logar.lh.mc 

I n id.r hormones such as ll.vn.id hormone, and se* phase of growth. The cells were harvested, washed by 

hormones etc; haculoviruscs: ucn.amicin; cic. ccntrifugaiion and resuspended m a somcal.on buffer of 
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< mi M phosphate. I miM I I )1 A. 1 niM meuaploethanol 
r M ■ 5 in an am. unit of approximately 20 mgdry weight 
pi-r ml. Ilii'y were llitrn c!im ii|'-ic:ii will* MSI; ultra- 
sonic d'sinirgraioi I'm 4 miiiiiifs. I Ur resulting etude 
t *!t was separated Inmi cell debris by ccutnfuga- 5 
l.t.it As well as containing pyruvate kinase (PK) this 
eiiract also contained an interfering isoenzyme or PK 
u.th cliffcrcfif properties, and also a number of other 
. .,/mhc activihes which interfered wiih the dclcrimiia- 
ti. It was foutul. howe\ci. tlt.tt it was possible to 10 
o move all ol Ihcsc contaminating activities simply by 
Periling the extract to 55' C. Tor 20 minutes. I his heal- 
Mrated extract was used in this Example. 

(hi Preparation of the immunoahsntbent 

IJroimmcetyl cellulose conjugated human serum al- 15 
humin HAC HSA was prepared exactly as described m 
Solid Phase Assay of Radioactive Antibody to Soluble 
Antigens by Self. C. H.. Tew. J. G-. Cook. R. G. and 
Stavitsky. A. B. (19731 in hiununochcmtstry. II, 

227. 233." a 20 

(c- Preparation of the En/yme-AntihtKly Conjugate 
Phis was based on Protein thiolation and reversible 
prolein-protcin conjugation. N-Succinirnidyl 3-(2- 
nvridvldithio) propionate a new hcterobifunctioual rea- 
gent by Carlsson, J-t Drcvin. H.. Axon. R. (1978) in 25 
R.ochern. J.. 173, 723-737. 

Uoth the enzyme (phosphofruclokii.asc I PK , 
which had been prepared from Stearolhcrmophihs and 
purified to crystalline purity by moans of AMP and 
A I P affinity chromatography) and the antibody (IgG. 30 
obtained from Miles- Yeda Ltd.. Rchovot. Israel), were 
prepared for conjugation by separate passage through a 
Scnhadcx C-25 (fine) colutnn equilibrated with the 
-coupling buffer" of 0.1 M sodium phosphate pH 7.5 
containing NaCI al 0.1 M. One nig of each protein was 35 
applied. One ml of the IgG eluant of optical density at 
280 nm of 0.67 O.D. units was taken, shaken gently 
while a fivefold molar excess of the conjugating agent 
(N-succinimidyl 2^2-pyridyldithio) propionate, 
'•SPDIH was added from a stock solution (5 mM) in 40 
ethanol. The mixture was allowed to stand for 30 mm- 
ulcs at '3* C. with occasional shaking. Then with rapid 
Mining, 1 ml of the PFK eluant. also of optical density 
at 280 nm of 0.67 O.D. units, was added. The mixture 
was allowed to remain at room temperature for 24 45 
hours. During this time the newly introduced labile 
disulphTde groups on the IgG underwent exchange 
reactions with the pre-existing reactive thiol groups on 
the PFK to give rise to PFK -IgG conjugates. 

fd> Method of Assay 50 
into each or two small test tubes were put 20 u.1 of the 
PFK- IgG conjugate. Human scrum albumin (0.1 ml of a 
10 me/ml solution) was added to one tube and bovine 
scrum albumin (0.1 ml of a 10 mg/ml solution) added to 
lb,- other USA was added lo the second tube so that 55 
any turn-specific protein effect on the conjugate would 
lu- duplicated in both tubes. The volumes of the tubes 
were then made up to a standard 1.0 ml with phosphate- 
buffered saline (PUS). The contents of the tubes were 
r „ixed and incubated at 37' C for 15 nunutcs hey 60 
were then added separately to tvu» alup.ots of HAL- 
MSA (each 0.1 ml of the standard suspension which had 
been washed 4 times in PUS) in uiu:m. -centrifuge tubes. 
I he capped tubes were then shaken ami incubated al 
IT C* for a further 15 minutes. They were then ceutri- 05 
fueed in a microcentrifuge al full speed for one tu.nule. 
lite supernatant solution discarded, the snl.d washed by 
tl „. iulditinn of 1.5 ml of PUS to each nine, the contents 



mixed on a vortex mixer and centrifuged as above. The 
washing procedure was repeated 4 times to ensure re- 
moval of unbound contaminating PFK. To each tube 
was then added 0.94 ml of the assay buffer (10 inM 
dimelhylglularatc pH 6.K, 5 mM, MgCl 2 )and then 50 M l 
of a 40 mM solution of fructose 6-phosphalc and 10 /d 
of a 40 mM solution of adenosine triphosphate. The 
contents of the tubes were mixed by means of the vortex 
mixer and then incubated with gentle shaking at 37 # C. 
for two and a half hours. After this the lubes were once 
more centrifuged at full s|>ced for one minute and the 
supernatant solutions taken off and assayed for evidence 
of previous PFK activity in the tubes during the two 
and a half hour incubation. The particular system en- 
abled a direct comparison to be made between the trig- 
gered amplifier method of the present invention and a 
conventional 1:1 coupled enfcymic detection method. 
For the former, the supernatant solution was tested for 
its ability to activate a primed a primed PK assay set-up 
without FDP. For the latter the ADP produced con- 
comitantly with the FDP was assayed by following the 
NADH oxidation it produced in a directly coupled 
pyruvate kinase-lactate dehydrogenase system set-up to 
operate optimally (with added FDP) but without ADP. 
The two assay systems were, therefore, composed as 
shown in Table I. 



TABLE 1 



A.«y mm poncnts for the AD P and FDP assays 

Conventional 
Primed amplifier coupled (ADP 



Component 



(l ; DP determining) determining) 



NADU 
LDII (LacUtc 
Dehydrogenase) 
PK(I) extract 
PEP§ 
ADP 
POP 
ATP 

supernatant solution 
assay buffer 



0.1 mM 
14.4 units 

10 Ml 
2.0 mM 
2.0 mM 
NIL 
0.4 mM 
100 mI 
to ! ml 



0.1 mM 
14.4 units 

10 ui 
2.0 mM 
NIL 
1.0 mM 
0.4 mM 
100 ul 
to I ml 



ft Thr m.um.1 amount of PEP wu used which could be .dded without casing 
L«S ? .cUv.,™ ot .He rvruv..c ain~ « .he FDP^cienn.«.n K 

Results 

(i) Primed amplifier (FDP-dependent) assy. 
This was set up such that full activation of the system 
produced a rate of oxidation of NADH of 7.9 nmolesA 
min (a convenient rate lo measure). The results of add- 
ing 100 /il of the supernatant solution from the im- 
munoabsorbents either previously exposed to HSA or 
HSA arc shown in Table 2. 

TABLE 2 _____ 

Primed amplifier 
( I - 1) P -tlcpciidcnl) assay results 



supernatant 

from USA •« posed <uhc 
from HSA-e*ptwcd tuhf 



rate of NADU osidation 
4.8 nniolcs/min 
(61% maaimal) 
nit 



(ii) Conventional-coupled (ADP-dcpcndenl) assay. 

The results of adding l<X) ul of cither supernatant 
solution to the ADP-dependent system arc shown m 
Table 3. 
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Mi|*C'lintnil1 



C» *n vet it u mat -l ou | »tcd 

talc of NAOII mutation 



Own MSA-cAptnctl tuN 1 
fit»m MSA •ri|vr^ , «1 ttilv 



0.12 tinioles/tnin 
(I h% miMmfl1)H 
nil 



- •»» hm Lgtmjrul and diffH'ull ft* qutnliUtc 



10 



I he results show clearly thai: 

(a) i lie PFK-lgG conjugate was inhibited in its bind- 
ing to HAC-HSA by MSA much more than by 
BSA. 

(b) the sensitivity of the primed -amplifier system was 15 
much higher I linn the conventional -coupled reac- 
tion. 
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seen by comparing the NADU oxidation resulting from 
the corresponding 1:1 linked enzyme system which 
docs not have FDPase present ic. in which F„P is not 
recycled. 

Method of enzyme assay 

All determinations were performed using I ml quartz 
cuvettes with a path-length of I cm. NADU oxidation 
was monitored by the decrease in absorhance at 340 tun. 
The reactions were carried out in a buffer comprising: 
25 mM Tris-HCI. 10 niM MgCl2, 1 mM HOT A at pit 
8.00 and 30* C. The final reaction mixtures were as 
shown in Table 4. LDII and PK were obtained from 
Uochringcr Mannheim and the other enzymes from the 
Sigma Chemical Company 

Results of enzyme assays 

These arc shown in FIG. 4 and represent the activi- 
ties of the systems after they had been incubated for 12 
minutes at 30* C, after initiation. 

The results indicate that: 

(i) the basic 1:1 linked enzyme reaction sequence 
worked (compare first to third column), 

(ii) the catalytic substrate cycle formed by inclusion 
of FDPase into the system markedly increased the 
activity of the system for the standard amount of 
PGM (column two). 

(iii) the background activity of the total system, in- 
cluding the substrate cycle, in the absence of PGM 
is very low (column three). 

TABLE 4 



Pyruvate 



35 



40 



The reaction sequence is outlined above. Phosphoglu- 
comulase (PGM) was chosen to be the enzyme to be 
linked to an antibody. The presence of the antibody is 45 
determinable by the ability of the conjugate to catalyse 
the formation of G6P from G 1 P. This in the presence of 
phosphoglucose isomerasc (PGl) results in the sequen- 
tial formation of F6P which is then itself acted upon by 



components^ 


1:1 linked 
(no cycle) 


including 
cycle 


no PGM 
(bac Ik -ground) 


NADH 


0.1 mM 


01 mM 


0.1 mM 


ATP 


0.4 mM 


0.4 mM- 


0.4 mM 


PEP 


2.0 mM 


2.0 mM 


2.0 mM 


G1P 


2.0 mM 


2.0 mM 


2.0 mM 


LDH 


l.t U 


1.1 U 


1.1 U 


PK 


0.04 U 


004 U 


0.04 U 


PGI 


0.2 U 


0.2 U 


0.2 U 


PFK 


0.02 U 


0.02 U 


0.02 U 


FDPase 


NONE 


0.1 U 


0.1 V 




ADDED 






PGM 


0.06 U 


0.06 U 


NONE ADDED 


oxidation rate 


0.473 


4.72 


0.064 


of NADH 








(n mole/minute) 









V LT sund* for unit* of eiuymc activity. However as different condition were u**d 
to incisure each enzyme by their vinxm manufactures the vinous activitie* do not 
neccuanty correspond lo each other in the ftnaJ ray milium but simply denote 
the standard amount* of each prej wation used. 



phosphofmetoUaue (PI-'K) lo give FDP. This la.ter » ^™tY£^» t »»* , > , '" anKm '" va ' i " 

reaction generate?; t ine molecule of A DP from A TP Tor 
every molecule of F6P converted to FDP. The final 



detection system shown in the diagram takes advantage 
of this, in that it is dependent on ADI\ This system 
results in oxidation of NADU which is monitored spec- 
trophotonictrically by the concomitant decrease in opti- 
cal density of the mixture to ultraviolet radiation of 340 
nm. 



55 



Linking the substrate cycle to antibody-antigen 
reactions 

After demonstrating the amplification afforded by 
the substrate cycle as above, the usefulness of the sys- 
tem in detecting antibody (or antigen) was assessed. 
This was done by conjugating the primary enzyme, 
to IgG with specificity against human scrum 



Formation of the conjugate 



The secondary en/.ymc cvclc operates as follows. In 
the presence of firm-lose diphosphatasc (FDPase) the W lurvi, 
FDP generated hy the system, and which otherwise albumin, 
would pla> no fuuher pari in the system, is reconverted 

into F6P (without involvement of ADP/ATP) and is . ., • • .. . ■ 

Urns available again To, ;t further turn of the cycle, to As in Example I. the hetero-b.functtonal linking rea- 

lise to another molecule of AI)P for each turn of 65 gent SPDI> was used, however m tins instance both 

enzyme and antibody were treated before conjugation. 

One mg of the IgG (Miles- Veda Ltd) was passed 
through a Sephadcx G-25 column previously equili- 



vi- 
lli! 



cycle. 

I tic amplification of ihc activity of PGM achieved by 
I he. catalytic secondaiy en/ytnc eyclc may be readily 
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centrifugcd at lull speed for one minute and the super- 
natant solutions taken off with Pasteur pipettes and the 
contents assayed for evidence of PGM activity during 
the two and a half hour incubation. They were assayed 
in two ways. Dy the direct 1:1 linked enzyme sequence 
outlined above and also by the sequence including the 
secondary enzyme cycle (FDPase included). The assays 
were set up as previously described but included 0.2 ml 
of the supernatant solutions and thus 0.2 ml less of the 



'.t;itc<l with the Vouplmg-buftcr- (1)1 M sodium phos- 
ph.itr pll 7.5 containing 0.1 M NaCl). The antibody 
chiu-d fti'iu (he column was then shaken gently with a 
n il fold excess of SPDP which was added from a 5 mM 
sunk solution in ethanol. The rnixlurc was allowed to 
slawl for .V) mimilcs at 23* C with occasional shaking. 
It *as then passed through another Sephadcx G-25 
column! this time equilibrated with 0.1 M sodium ace- 

,., k . at nil 4 5 containing 0.1 M NaCl. The protein frac- ~. — . 

!• ,u ol "he cluam was taken an equal volume of 100 mM 10 separately added assay buffer m each case, 
dilhiotrritol was added with rapid stirring, llie mixture 
*as left for 20 minutes at 23* C. after which it was 
passed through another Sephadcx G-25 column equili- 
brated with the original 'coupling buffer'. 

At the same time. 1 mg of PGM was passed through 15 
a G-25 column equilibrated with coupling buffer. The 
rnajoi protein band of the eluant was then exposed to a 
ten-fold excess of SPDP as above and left also for 30 
minutes at 23 # C. It was then mixed rapidly with the 
treated antibody and left to stand for 2 hours at 23* C. 
to allow the conjugate to form. 
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Results 

These are shown in Table 5. They show two features: 

(i) that the substrate cycle inclusion into the assay 
provides for much greater activity of the system 
for a given amount of conjugate. 

(ii) that the system is capable of showing the inhibi- 
tion of uptake of the conjugate onto BAC-HSA by 
soluble HSA as against the control of BSA. 

TABLE 5 



Full Conjugate Assay 
Into each of two small test tubes were put 0.2 ml of 
the PGM-IgG conjugate. Human scrum albumin (0.1 ml 25 
of a 10 mg/ml solution) was added to one tube and the 
same amount of bovine serum albumin to the other; 0.7 
ml or phosphate-buffered saline (PBS) was then added 
to both tubes and the contents mixed, and incubated at 
37* C for 15 minutes. They were then added separately 30 
tn two aliquots of BSA-HSA (each 0.1 ml of the stan- 
dard suspension which had been washed 4 times m PUS) 
in micro-centrifuge tubes. The capped tubes were then 
shaken and incubated at 37* C. for a further 15 minutes 
They were then centrifuged in a micro-centnfuge at full 
speed for one minute, the supernatant solution dis- 



Acuvitici of BAC-HSA bound PGM-IgG conjugates in 
terms of final NADU (nidation (in n moles/mi nute) 

without aubstrale wilh substrate 
lupcrnatant cycle c y dc 



HSA-<iposed tube 
BSA-eiposcd lube 



0.19 
0.36 



2.21 
5.07 



EXAMPLE 3 
Detection of Pyruvate kinase (II) 
In order to demonstrate the enhancement in sensitiv- 
ity brought about by the method of this invention an 
assay for pyruvate kinase (II) was carried out with and 
35 without a secondary system to produce amplification. 
The two assays may be represented as follows: 



Assay without Amplification 



Assay with amplification 



PEP /ADP 
NAOHv /Pyr A1P 

j- l0 "i 

NAD lactate 



PEP 




FDP 



ATP Pyr\ /NADU 

ri 

licuie 



carded, the solid washed by the adcli.iou erf 1.5 »•) of amplification PM") 

h;,|f hours ;U 37 # C Afiei mcuhaiinn. ihr tubes wtrt lion to mc i 1.1 . 
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cm in the non-amplified system, the following aic also 
present: F6P, PFK and PK(1) In the presence of A TP 
(generated by primary cycle) the ITK converts the 
F6r into KDP. The FDP activates the PK(I) which 
then is available to convert the PUP and A DP to ATP 
and pyruvate. The ATP thus produced feeds back 
within the secondary system and the pyruvate is con- 
verted into lactate by LDH in the presence of NADU. 
This end reaction is monitored at J40 nm as in the unam- 
plificd assay. 

To indicate the usefulness of this amplification 
method the PK(II) was initially assayed by the direct 
reaction as follows: The assay mix was as shown in 
Table 6 (left column) with a butter consisting of 10 mM 
dimethylglutarate pH 6.8 5 mM MgCI}. All assays were 
carried out at 30* C. The PK(II) was obtained from 
Calbiochem and. as a result of trials, a standard amount 
chosen which gave the activity shown in the Table. 
This amount was used for all following experiments. 
PJC(I) was as in previous experiments. 

The assay system including the positive feed* back 
amplifier was composed as shown on the right hand 
column of Table 6. The activity attribuafable to the 
addition of the same amount of PK(II) as before and 
after allowing the feedback system to get underway for 25 
seven minutes, is shown. The activity altribuable to 
PK(II) is raised eleven times over the direct method. 

TAD LEI 6 



10 



IS 
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Duett 
avmv 



Feed -hack 
assay 



30 



ADP 


0.4 mM 


0 4 mM 


PEP 


1.0 mM 


1.0 mM 


NADH 


0.1 mM 


0.1 mM 


LDH 


1.1 U 


I.I U 


PK(I!) 


standard 


standard 


F6P 




2.0 mM 


PFK 




1.0 U 


PK(I) 




lOfxl 


Duffer 


To t.O ml 


To 1.0 ml 


Rate of Change 


0.005 


0.055 


Absorbence (OD 






Uniu at 340 nm 






per 10 minutes) 







Using the direct method, the standard amount of PK 
(II) could just about be detected whereas it was quite 4J 
readily detectable using the feed-back amplifier. 

In any situation were the PK(II) is used as a label in 
analogous manner to those used in the Examples herein- 
before the increased overall activity of the secondary 
system attributable to PK(II) would clearly be of bene- 
fit in the detection of material labelled by the enzyme. 
Thus for example, on labelling antibody against human 
scrum albumen with PKIIh a complex is available for 
the detection of human scrum albumen as a result of the 
activity of the primary enzyme triggering a secondary 
sequence which is itself capable of generating modula- 
tor for example as described in Example 2. 

EXAMPLE 4 

Detection of Ami rubella aiililxMl> 

A Rubclisa 96 well plate is taken ami labelled as nec- 
essary. The wells arc washed by filling each with PIJS- 
Twcen from a wash bottle and then air bubbles are 



then left for three minutes and then emptied again as 
above. The whole process is repeated two more time- 
s — the final time ensuring complete emptying by tap- 
ping the upside-down plate on a clean paper towel. 
Reconstituted serum diluent (250 /xl) is then added to 
each well. The patients* individual sera are shaken to 
homogeneity and then 5 u.1 of each serum is added to 
one well containing rubella antigen and also to one well 
containing control antigen. Scrum is withdrawn and 
expelled three times in the well to help mix it. It is of 
utmost importance to use different pipettes for different 
sera. Three control sera (negative, low positive and 
high positive) are included with each test that is carried 
out. Three pairs of wells must therefore be used for 
these controls. If less than three patients* sera arc to be 
tested at any one time it is advised that these can be 
positioned immediately following the test sera on the 
plate. However, if the plate is used to its maximum 
capacity of 45 separate test sera then it is advised that 
the control samples are distributed on the plate as: high 
positivc-Al & Dl; low positive-CU & Dll; ncgative- 
G 12 & H 12 (5 fil of each). If fewer than 45 patients' sera 
are tested it is advisable to place them with the high 
positive at the beginning, the low positive in the middle 
and the negative at the end of the batch of sera tested. 
After all of the sera are added the plate is placed on a 
Micromixer for a few minutes. The plate is placed in a 
plastic bag with a wet cotton or paper pledget, the bag 
sealed to allow a humid atmosphere to develop and kept 
at room temperature (20*-25*) for two hours. The plas- 
tic bag ts then opened and the liquids are shaken from 
their wells into the disposal receptacle. The wells are 
then washed again as described above (with PBS- 
Tween, four times). Then 250 u.1 of 50-fold diluted con- 
35 jugated anti-serum supplied with the kit is added to each 
well. The plate is incubated as above in the humid bag 
for a further 2 hours at room temperature, after which 
the liquid is shaken from the wells into the disposal 
receptacle and the plate washed again four times as 
above The wells are now ready to be assayed for their 
alkaline phosphatase content. To each well is added 210 
ji! 0.14 M ethanolamine-HC! buffer at pH 9.3 and con- 
taining 5 mM MgCb. The following are added to each 
well: 10 u.1 10 mM thiazolyl blue (MTT), 10 /xl of 40 
mM phenazine ethosulphate (PES), 5 uJ of alcohol 
dehydrogenase supplied by the Sigma Chemical Com- 
pany Ltd especially free of NAD (cataloquc number 
A3263) and 5 ^1 of I M elhanol. NADP is then added to 
each well. This is done by adding 10 jil of a 10 mM 
50 solution of NADP to each well. Depending on the 
number of samples being tested and the accuracy re- 
quired this may be achieved either by adding the solu- 
tion to each successive well quickly and then mixing on 
a Micromixer or (with many samples) by adding the 
solution at fixed intervals (such as a second to minutes) 
from one well to the next. The reactions are then moni- 
tored by observing the colour change of the solutions 
from pale yellow towards black visually— taking ac- 
count of any differences in lime, of addition of the 
NADP solutions to the various wells. 

The solution in the well initially coated with rubella 
antigen and to which high positive control serum was 
added will change colour at a much faster rate than the 
solution in a rubella antigen well to which scrum con- 
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removed from the wells bv moving the plate gently 
back and forth. The PIJS-Twivii is shaken from Ihe 65 taining significantly less anti-rubella antibody activity 
wells into a disposal receptacle containing a solution of was added, and also much faster than the well contam- 
5% household bleach and each well iclillcd with PUS- ing control anligen to which the high positive control 
Twccn and the air bubbles removed again. I I ic plate is scrum was added. 



4,446,231 3(J 

29 . i P ,w IC vMn nnnlv The use of cnh:mced assay 

.1 ,,,uircd. .he reac brmcin, -hh,, «.,• co.ou, sue m*. ;£ -> o npp.y^l y ^ ^ 

. ),,..*■ can be s.«rpcd. afte. * M....I. C p.-. -h (such us methods d ^ ina>rpoialcd , |c , dn by 

.,„„„,«. to hours -depend*..* »" sc "f ";' > . " ^ s reference) arc sufficiently sensitive .o enable 
,„„„,! , for example 5 minutes. «> I... example cl.a npng cross rc.e e , ^ disc|()Scd , |crci „. 

;,. p „ ()fl ,, solution. To achieve: -Ins. .c |« ^ 5 ^VThcmic.1 reaction which causes a detectable 
* , II cm he removed lo a vessel, such as . 1 0 ^ n £ ou cniymatic process which « caused to 

rimc ,r, evee. containing 0. 5 rn « 2 M ow cbu^ '«£ introduction of a modulator. Such sys- 

,, | 4.B. the solution* mud and the di ^ . mxv j^.,^ hereinbefore. 

.eac.i.m documented by mcasnnng <»* «' U : , " r ' hemica , rcac.ion which causes a dcteclaMc 

,,.„,„ change from pale yellow ,m ..lack » » 10 lplly , cyclic chemical reaction. Such cyclic 

.,„„, char, or by use of a cnlnu cto «c c > 57 0 nn ungc (nost apUy an oxidat.on/^c .<>,. 

. alternative has the advantage that the A grcc of * , , NAD /NADH or NADI ■ 

rcac.ion does no. have to be documental a. .he very and^U.a .° M lhc NAD/NADH 

lime it is occurring. f intcrconvcrsion is preferred. This latter intcrconvcrston 

!„ another al.erna.ive. the wells may be assn d for .5 ' , NAD „ modulator ,n wh.ch 

their alkaline phosphates content by allowing <«"■"' «° ™ st £ 1 * ^aptly detected is a phosphatase. 
Hrs, ac, on a standard NAPP ^'^i^i'S £?„ a p hofphatase may" be an acid phosphatase or an 
transfered .o a.u.lhcr vessel for .he colour generating » P . Such rcacl|0ns modulated 

reaction to take place. In this ^cvu^c. he NAD J ,te J dcfcribed in rny compending unpublished 
concentration is not 'ta^'^^S 3.K patent application No. 8.104.395 and herein and 
whilst ».c colour rcact.on is .akmg pla.e and so quan.^ u P rticu , arly loured camples or cefaclor cycles 
r.ca..o.. « somewhat eas.er. her this. ftl * JJ The method of this invention is most suitably adapted 

cthanolamine bufTer a. P H 9.3 and con.am.ng 5 mM q( ^ e in Wood of urlnc 

Mgd! and 0.4 ,nM NADP is added to each well to be to the oe ^ microbiologica , „ lracts . 

8 «ved. The plate is incubated at "'on. emperature for 25 o r m cx.r c ^ ^ m ^ 

; Hme such as minu.es to hours (dq^S ^ ^.nce enzyme ^ ^ u ^ bc 

1 ivi,yrequired)rorexample5m 1 nu«es.Atll|eendof^ « JTJ ^ invenlion is prefcrabIy adaptc d to the 
period the contents of each well are : added to smtable me.hcj ^ sefum ^ 

lessds containing 10 ul o 0 mM Ml I r 10 ^ of 40 de c m ^ madc ^ thjs |nvenl , on ,„ the 

mM PES. 5 ul of alcohol dehydrogenase (A3. 63) . 5 ul Ul c ana , ogous manner, 

of I M ethanol in 0.14 M ethanolamme puffer at pH 9.3 veUnary ^ ^ ^ .^ nti ^ ,„ the form 

sufTicicnt to make the final volume of 1.0 ml. and the i "e w lhat of a sllck or d ,s h or 

STeS. mixed. Again the colour ? lt * Sn or in the form of small particu.es such as a 

tions from pale yellow to black .s ™™'«°« d J ™ r . J5 powder or in the form of gel ma.enals. Aptly the sup- 
visually or with a colounmeter set «» .J™ : « P° pojystyrcne. nylon, cross hnked dex.rans 
sul.s of these alternative approaches will be found to be V^J ^ Scpharose and Agarose polyacry - 
accordance with that stated above i.e. wells initially 2 c aS b ^ acetylK:el ! u iose or the like. Such materials 
containing rubella antigen which recede a serum high ™' d ^ m J^,,, for ,he immobilizat.on of non- 
^ rn«i-rubellaantibc>d^by.l.en.e.h^of «he les . xwll are P^ nt ^ a , inalerials such „ protons, for 
"ive rise to a fas.er development of black colour than 40 enzy m ,uc b g nuc(eic ^ ^ ^ ^ kl , cd 
wells which do not meet these cntena. « P appreciate that such supports can bind a 
It is frequently desirable to detect enzymes" ^hqmds woA r ^ PP ^ ^ in UOBt , m anner. 
i„ which a number of reactive spcc.es are present. This wioera g Qf unWantcd enzymes or the 
"an be a particular problem if one is deal.ng , w.th a n ^rderto V P ^ be [M ,„ 
bllogica. fluid such as blood, serum or urine Men 45 J^""^.,,,,,^ by treaiment wi.h mnocuous 
con.aln a very large number rfracjiyc^ «. Oe. rly substancc , 0 whl(;h lhe cniyn re to be 
i, would be desirable .o have a method which could be P ro« 

used to separate the enzyme to be dctcclcd from other detcctca ^.s |q ^ support w ,„ 

n SiriaUby a simple means, followed by a highly sens,- J^^Sy be an anli body to .he enzyme with 
Jve Sectton of d,e e«7.yme activity which could thus 50 J^jj^ , hc y anlibod y employed will not be one 
Lkc place in the absence of interference by unwanted Je P«vm of „ e 

reactfve species. Such a method has now been discov- *atd«™ ^ ^ ^ |BljWy wlll ^ , 

"Accordingly .he P-escn. invention provide. . method ^^"^ alltibody (or other substance) to 

of dcteding an enzyme in a liquid winch method com- 55 The m g or chemical binding. Physi- 

P i 'e (i contacting the liquid with a support to wh ch «.J wpport « ^ ^ 0 „ 

h nttach«l a substance to which the enzyme wtll b.nd « 1 bmd.. g ^ ^ jonic Qr , 

pSfic My without eliminating its cm.yn.atic proper. suppor a .d e c ^^.^^ d 

•s o tha. said eniy.ne becomes associated w.tl, <d Saiulwic^ ^ ann<;r ^ ^ as . ( sti „ cap bl 

uppr^t. (ii) sep-ati..g •he-"^ ^ZZZ ^ S 3 >ccL..y bindmg the enzyme in a manner which 

Cl ,,yu.c from the liquid and (...) using he upp or t w. ... P ^ , hc CI)ryinc ac „ vltv . 

i,s associated enzyme in an assay lot i n enzyme i n A „ crn .„ iv<: | y the substance to be bound o the sup 

which assay the enzyme as*H-ia«ed with .he suppor Alanu y ^ with spcc ,r ic arfin. y 

/ modu.au, f<.r a chemical rcct.o .h in qi , stio , as a ^substrate ^ 

c hUher, been w, ^ ^ Sjj 

S^br^SSS^ Lre.^ooeac.iveeuzymicsi.eperenzymemo-u.e 
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Cm - H only one site is taken up m bitutMig to the support to each well and left either lor 6-8 hours at room tcm- 

Ihruugh the substrate, substiatr analogue, in- pcrature or 1 hour at M* C. The solutions arc then taken 

lithitor the other site may slill he available foi eata- out of the wells by suction and replaced with 0.2% 

Ktit m tivity lactalbiutn and left overnight. The wells are emptied 

; K<mri-ully sutrieicnl binding of the cii/.ymc to the 5 and then washed three times with phosphate buffered 

support with its l>ound substance will take place within saline containing 0.05% Twccn 20 (H)S Twccn). X he 

10 nvmids to 30 minutes depending on (he reaction plates arc now ready for use. 

parameters, concentrations employed and degree of Starting with a t: 1000 dilution, ten-fold dilutions of 

:k« iii.k> required. More usually the binding will take the original source of alkaline phosphatase were made 

pine within .10 seconds to U) minutes and pieferably 10 down to 1 :10 7 and 0.25 ml of each placed separately into 

fr run I to 5 minutes. Mild agitation may be employed to the coated wells. The solutions arc left for 30 minutes at 

l:u dilate the binding. room temperature (23* C) and then removed by aspira- 

At the end of the binding stage the liquid may be tion. The wells arc again washed three times with I* II S- 

sepaiatcd and the support with the enzyme bound Twccn. The wells are then assayed for their alkaline 

thereto washed. Generally it is preferred that this wash- 15 phosphatase activity. 

ing is thorough in order to remove unwanted unbound To each well is added 210 /il of 0.14 M cthanolaminc- 

material. Washing may be carried out with water, sa- HCI buffer at pH 9.3 and containing 5 mM MgCh fol- 

line. buffer or the like of which phosphate buffered lowed by 10 u.1 10 mM thiazolylbluc (Sigm London 

saline is favoured. Suitably the washing liquid may Chemical Co), 10 |x! of 40 mM phenazine elhosulphatc 

include a mild surfactant such as a 1 w een. 20 (Sigma London Chemical Co), 5 uJ of alcohol dehydro- 

\t this point the support with the enzyme bound genase especially free from NAD (Sigma London 

therein may be promptly used in an assay for the en- Chemical Co— catalogue number A3263) and 5 u.1 of I 

zvmc M ethanol. Reactions are initiated by the addition of 10 

* As previously indicated that assav will aptly be one u.1 of a 10 mM solution og NADP (Sigma London 

employing an amplification system such as that dc- 25 Chemical Co) to each well, the plate gently agitated and 

scribed in my earlier patent application hereinbefore left at room temperature. The solutions in the wells to 

idrntified. which a higher concentration of alkaline phosphatase 

Enzvmes to be detected in this manner include ki- was added show a change of colour from pale yellow to 

nas»s such as pyruvate kinase (especially type II) and black much faster than did those which had been ex- 

crcatin kinase and their various isoenzymes; phospha- 30 posed to a lower concentration, indicating that the 

lases such as acid phosphatase and alkaline phosphatase method not only detects the presence of alkaline phos- 

and its various isoenzymes; dehydrogenases such as phatasc in the solution added to the wells but is also 

lactic dehydrogenase and its various isoenzymes; and capable of quantification. 

(he Iikc In a simple alternative, suitable (e.g. polystyrene) 1.0 

Normally and preferably the assay employed will be 35 ml plastic colourimeter cuvettes arc coated with the 

adapted to produce a visually or spcctro-photomelri- IgG fraction of the antiserum as above. One ml samples 

cally determinable end point. of the alkaline phosphatase dilutions are then placed m 

l ite following example illustrates the invention: De- individual cuvettes and incubated and washed as abo ve 

tectum of alkaline phosphatase. Example Al. To each cuvette is then added 0 96 ml of 0.14 M 

The alkaline phosphatase used in this example is as 40 ethanoIamhe-HCl buffer at pH 9.3 and con taming 5 

obtainable from the Sigma Chemical Co (London) Ltd mM MgCI 2 followed by 10 M l 10 mM ihiazolyl blue 10 

T vpe VII from bovine (calf) intestine catalogue number pi 40 mM phenazme ethosulphale, 5 it alcohol deny- 

P4VJ2 (1981). Antibody is raised against this material by drogenase (A3263) and S jil I M ethanol. Reactions arc 
any of the standard procedures. For example 0.5 mg of initiated as before by the addition of 10 u-1 10 mM 

the alkaline phosphatase suspension is taken and made 45 NADP and the solutions mixed. The colour changes 

to 0 I ml with distilled water and skaken gently. One ml may then be monitored by eye or at 570 nm in a colou- 

of Frcund's complete adjuvant " isllien added and the rimeter for more precise quantification. . _ _ ; 

mixture homogenised through a connector between The general method is adaptable to the detection of 

two hypodermic syringes back and forth until a stable other alkaline phosphatase including those from human 

wilcr-ir.-oil emulsion is produced. Approximately 1 ml 50 origin, however, in each case it is usually advisable tc- 

of the emulsion is then injected intramuscularly into prime the wells with a specific antiserum raised against 

each hindquartcr of a rabbit. The injections are repeated the particular alkaline phosphatase in question. Furthcr- 

t wo and four weeks later with the same amount of alka- more, different alkaline phosphatases from human or.- 

line phospatase but without the added Frcund's adju- gin (such as from liver and bone) may be separately 

vant Mood is then taken from the immunised animal 55 determined in a mixture of different types by means of 

two "wi^ks after the last injection- and the immune- IgG fractions directed specifically against particular 

scum taken off after clotting has taken place. An IgG types being used to charge specific wells, 

fraction or the scrum is then obtained by the standard This invention relates to a method of detecting a 

pm,c< dure of DIIAB Cellulose Chromatography set out catalyst or a substrate in a catalysablc reaction and to 

in Methods in Immunology by D. II. Cambcll. J. S. 60 the use of this method in the detection of clinical y or 

Carvey, N. Cremer and D. II. Sussdorf, 2nd Edition environmentally important materials present in tract 

(l')70) p;ikcs"|*>3-I97. published by VV. A. Ilenjarnin. amounts. 

>. 3 J-- M-*s An aliquot of the IgG fraction is then The desirability of having a method winch can de ed 

7 V*..'/ _ - " ' — ~ in« trace ajnrj-.'.* of 3 ca!a!ys? cr its su'ntrate which i< 
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itr homogenous specific binding assays such as that of azine clhosulphatc or its analogues or a quinonc or the 
firttish Pal. No. 1552607 arc useful but can suffer from like arfd may be conjugated to another molecule if dc- 
a lack of sensitivity. A pariiculatly sensitive assay has sired. 

imw heen discovered which docs not require the use of If the method of this invention is used to delect a 
lariinaciivc substances or complex equipment. 5 substrate for a catalyst it is normally and preferably a 

Accordingly the present invention provides a method substrate for an enzyme. Such materials can have clini- 
of detecting' a catalyst or its substrate in a catalysablc C al significance, for example pyridine nucleotides such 
■ •.-action which comprises carrying out an assay for the as ATP, GTP, CTP. UTP and the tike or creatine phos- 
i-aialyst or the substrate in a manner which produces a phatc or the like. Such materials arc often of interest in 
pmduci which method is characterized in that said 10 metabolic studies and studies of kidney function, 
product is an activator for an enzymatic reaction which Naturally, the terms "activator" and "facilitator" 

is activated by the production thereof so as to effect a usea - herein cannot be interpreted as interconverting 
detectable change and to produce a facilitator for the substances as in conventional cycles such as those of 
enzymatic reaction; whereby said enzymatic reaction is Dritish Pat. Nos. 1,548,741 and 1,552,607. 
enhanced. 15 The preferred enzymatic reaction for use in the am- 

When used herein the term "activator" means a sub- plification method of this invention comprise kinases 
stance which is required for an enzymatic reaction to and dehydrogenases. 

lake place if all other components needed for that enzy- A particularly apt enzymatic reaction employing 
matic reaction are present. kinases may be represented as follows: 

When used tierein the term "facilitator" means a 20 

substance which is not an enzyme but which acts so as . _ 

to increase the rate at which the detectable change takes x A , TP \ / F6P 

place. The facilitator is more suitably a cofaclor for the 

enzymatic reaction. ' w ^ 

Normally and preferably the facilitator produced by 25 f adp FDP 

the enzymatic reaction is the same as the activator pro- / 
duced by the assay for the catalyst or its substrate. J 
When the facilitator and acti%'ator arc the same a desir- « 
able simplification of the system occurs. The feedback J 
of the facilitator into the earlier part of the reaction 30 I 
sequence causes a marked increase in the rate of forma- \ ADp 

lion of the detectable change. % \ / 

When used herein the term "detectable change" \^ J V 

means a change in the concentration of a moiety which . t \ yruvatc 

can be observed. The observation can be by any method 35 » 1 — 

but most aptly it is by a change in the optical character- 
istics. The change in the optical characteristics may be i n this system the production of ATP (produced by 
observed by eye or with the aid of a device such as a the, assay and hence the "activator") enables the PKF to 
spectrophotometer. The change in concentration ob- convert F6P to FDP. The thus produced FDP activates 
served may be the increase in concentration of a moiety 40 l(ie PK ^j) w hi c h converts the ADP present to ATP and 
produced by the enzymatic reaction or it may be the tnc p E p lo pyruvate (which causes a detectable change 
decrease in concentration of a moiety consumed by the as explained hereinafter). The ATP produced by the 
enzymatic reaction. PK(I) (the "facilitator") feeds back to allow the PFK to 

The enzymatic reaction may use a single enzyme or pro duce more FDP which increases the activity of the 
more than one enzyme. If more than one enzyme is 45 pjqj) which leads to the production of more ATP and 
employed it will aptly be not more than four enzymes, pyruvate. Hence a marked increase in production of 
it will more aptly be not more than three and it will p y ruV ate occurs which in turn leads- to a marked in- 
prcfcrably be not more than two enzymes. crease in the rale of detectable change. 

The catalyst to be detected may be an enzyme or a An melho{J 0 f us ing the above enzymatic reaction 
non-enzymic catalyst. 50 lo j ca( j l0 a detectable change is to employ the follow- 

Norrmdly and preferably the catalyst to be detected is . (cm . 
an enzyme, f-nzymcs arc often required to be detected 

in clinical chemical or vctinaiy investigations. Abnor- — . _ 

rnal levels of enzymes can be present in pathological pyruvate. /NADH 

conditions so that their detection (either qualitatively or 55 \ LDH 

quantitatively) can be used as a diagnostic aid or to J \ 

minotor the progress of the pathological state. Thus, for , ictate NAD 

example, it is desirable to delect such enzymes as ki- ■ ~ ~ 

nases, for example creatine kinase (a marker for breast induction of pyruvate causes the 

cancer and of use in duiguosing myocardial infarction CO I' o ^ (C NAD „ lo NA £ This can then be 
and brain damage and the like, and pyruvate kmase for for example at 340 

diagnosis and monitoring of hvci & muscle palholog) , momioicu | <-<- i 

a.,,1 dehvdrogenases (or ox;,,,.plo lao.odohydroecn^sc nm „„, tlle prccced ing enzymatic 

(for diap.osmg blood d.sc-,,s and hver d.scascs). and ^ J^^/^^^ , 0 „, c J ec{um t) f a nucleotide 

A I km 1 1 1 1 ' ve I V the camlvs. m,N bo a non-cruymaiic triphosphate such as ATI' or an enzyme that produces 
c , . s c h " elect .... transfer rcagcni. The dec such a triphosphate or even a substrate for such an 
u , ^ - cau he a mo.eeu.c such as pl.cn- enzyme. Most desirably the prececd.ng enzymatic rcac 
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tion is adopted to (lie detection of an cn/yme which 
produces ATP. The preferred A TT producing en/yuies 
arc kinases which do not require FDP for their activa- 
tion. Such enzymes include pyruvate kinase (PKII) and 
creatine kinase (CK) (sometimes also called creatine 
ph os p ho kinase). 

In the case of (PK II) a reaction leading to the pro- 
duction of the activator (ATP) is as follows: 



36 



PEP . ADP 

H 

pyruvate ATP 



CP /ADP 

H 

C A1P 



A particularly apt enzymatic reaction employing 
dehydrogenase may be represented as follows: 



pynivttc* yNAfJII 

) L0 " ( 

l.cUte NAD 



o&idiwd . 

lipoamidA /NAOII 

I Diipho 
/(NAD- 

reduowi NAD - ^ 

lipoamidc 
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(n the case of CK a reaction leading to the production 
of the activator (ATP) is as follows: 
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- Diaphorasc requires NAD to function so that NAD- 
free diaphorasc is activated by the NAD produced by 
the catalyst On the shown scheme the catalyst is LDH). 

The detectable change produced by this reaction is 50 
the production of NAD from NADU which may be 
monitored at 340 nm. 

Hie skilled worker will appreciate that the reactions 
hereinbefore discussed are biochemical reactions of the 
type that will be performed under substantially physio- 55 
logical conditions; that is in aqueous solution under 
non-extreme conditions, for example at a temperature of 
5*-40* C. and more usually i5*-37' C; at pi I values of 
5-9, more usually of 5.5-8.5 and preferably at approxi- 
mately 7 (pH will generally be maintained in the desired 60 
range using a buffer such as DMG or imidazol bulTcr). 

It is envisaged that normally all the reagents required 
for operation of the assay and cn/ymatic reactions will 
be present except the activator, facilitator and the mate- 
rial to be detected. The method of this operation comes 65 
into cITecl when the material to he detected is added. 

With respect to this form of the invention (detecting 
the catalyst or its substrate). I he term "delecting" ex- 



tends to quantitative as well as non-quantitative meth- 
ods; this is often referred to as "determining'*. 

In a broad asf>ect this invention provides a method of 
detecting an activator (as hereinbefore defined) which 
comprises contacting said activator with an enzyme to 
be activated and all other components needed for the 
enzymic reaction to proceed characterized in that said 
enzymatic reaction causes a detectable change and the 
production of a facilitator (as hereinbefore defined) 
(whereby said enzymatic reaction is enhanced). 

The activator may be a substrate for an enzyme or it 
may not be a substrate for an enzyme in which case it 
will usually be an effector or other substance which can 
cause the enzyme to operate. 

Hie facilitator may be produced as a direct product 
of the enzymatic reaction or may be produced as a 
product of a further reaction initiated by the direct 
product of the enzymatic reaction. 

The facilitator produced by the enzymatic reaction is 
desirably the same as the activator so that a simple 
system results. 

In one favoured form the activator and facilitator are 
both ATP. 

An alternative favoured system employs an activator 
which is a derivative of the facilitator. In such systems 
the activator is envisaged as a ligand or receptor la- 
belled with the facilitator. In this aspect the skilled 
worker will appreciate that this aspect of the invention 
also provides a method of detecting said ligand or re- 
ceptor labelled with facilitator. Preferably the ligand or 
receptor labelled in this way is an antigen or antibody 
(when used herein the term "labelled" means chemi- 
cally or physically associated in a manner which will 
not prevent the activation of the enzyme by the thus 
formed activator). 

In yet another system the activator is different from 
the facilitator and is not a ligand or receptor labelled 
with a facilitator. 

Favoured facilitators for use in this invention include 
pyridine nucleotides and ligands or receptors labelled 
with a pyridine nucleotide, preferred facilitator pyri- 
dine nucleotides include ATP and NAD. Preferred 
ligands and receptors labelled with a pyridine nycleo- 
tide include antigens and antibodies labelled with ATP 
or NAD. British Pat. Nos. 1 54874 1 and 1552607 dis- 
close ligands or receptors labelled with pyridine nucleo- 
tides which may be employed as activators in this inven- 
tion (however said patents did not disclose the use of a 
system in which amplification was achieved by use of a 
facilitator which fed back into the assay). 

A favoured example of a method of detecting an 
activator according to this invention is the detection of 
NAD or a ligand or receptor labelled with NAD which 
comprises contacting said activator with NAD-dep- 
letcd diaphorasc, NADH and other required substrate 
(such as oxidized lipoamidc or oxidized lipoic acid) 
characterized in that said reaction causes a detectable 
change (the removal of NADH) and the production of 
a facilitator (NAD). 

A favoured example of a method of detecting an 
activator according to this invention is the detection of 
ATP or a ligand or receptor labelled with ATP which 
comprises contacting said activator with PFK, F6P, 
PK(I), ADP. PEP whereby F6P is converted by PFK 
to FDP which causes PK(I) to convert ADP to ATP 
and Pl-P to pyiuvatc which A TP is the facilitator and 
which conversion of PEP to pyruvate is the detectable 
change. 
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clump occurs but .f « « present the 8 w ^ot eliminate the ^™ ^^und lo the sup- 

« ,bscrvcd , . rf. <nectrophoton,ctcr can be obvi- 15 Alternatively lh« spccir ,c affinity 

If desired the "*° f \^"^ c u uch as the kinase port may be some other f.^^^ViSbstrate. sub- 

a ,cd i.. sys.cms product P^ va ' c ^. ling , hc forma- for the enzyme in quest.on, such as a sue 

,vstems hereinbefore . rU va,e and a stra ,e-analogue or inhibitor substance farjhrt. V 

t4f U,C rC fT 2 P ZSnCSh Jdrazine which S uch approaches «c ^ j£ ^ molecule 

hydrazine such » 2 -«'3 ,c> detectable coloured 20 more th an one ac live enty m.cs ,e J tliesupp ort 

g K„ rise to a« rend*,*, alkaline for-ifonly one ^ :n > Uto«P - **ng* .^.^ 

product when c pM « » ^ jdc solu(ion) . through the substrate ^ u °™, c for catalytic activity. 

<for example * .th sodium > invention lhe oth er site may still ^T™" h ' me to the 

As previously «pla '^J n7 . vrneS in biolog- Generally suffice., binding ; of en *y 
U^f»«b-em^' n ™^SS5c.inttidf. such as 2$ support with its bound ^^J^ge reaction 

i,. a . samples. V"<"™**l*Z\ „„mber of reactive l0 P £co„ds to 30 TnJ degree of 

Woes » ^ eth ^i d S e c ";f ac Ung the liquid with a sup- » } b - thor0 ugh in order to remove jnwa ^ 

,„cthod '^^^SSTSSLbc to which the en- m f leria ,. Washing ma) r be : earned °^ h ^ burfcred 

p ' Ht *° T, ld ScaUy without eliminating itscniy- |ine> buffer or the ''^ ^ X washing liquid may 
7 ymc will bind spceii wwy becomes assoct- linc is favoured. Suitably tne w« » 

inatic properties, so tha J , hc sopp0 rt with r cludc a ml ld surfactant such as a j*""- ^ und 

iltcd with said ^^SKSJwd C«» «** ! he 40 At this point the support ^^J****** 

i„ associated „, c in a detection thcrcto may be promptly used m an assay 

This aspec of the . bIopdt ^un,. urine, vides a diagn ostic test which copses « > ^ a 

'„,,* invention « P^'^S^o, ur ine. Of course y tcst for breast cancer employing 

of a discrete surface : «uc articu lcs such as a his spcc ification the following symw 

jttndc. bromacetyitc. : in , nob il ration of non- 

are presently know, for t immo for 60 

cn/ymMic biological materials sue a p g fecJ k f 

-T' C tS"^^- ca« bind a -^. ,ht ^ 

worker will appreciate • . 0 „ vcnl io,ial manner, 

Scwicd is bound U, the suppo... 
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pyruvate kinase 
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Kill A 
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4* ttcMrttt<d by M. MalonMi, O. Valentin!. AM I. K«mt<i|t m Acta nUmtn. 
cnrymol (Milirk.) 1<ITj, 2?. «*6 

1 he following examples illustrate the invention. The ^ 
following description illustrates the preparation of use- 
ful reagents. 

Demonstration 

Preparation of Pyruvate Kinase (I) for the examples 25 

Cultures of E.voli strain KM were grown on a syn- 
thetic medium containing essential nutrients and glyc- 
erol as carbon source, until well into their logarithmic 
phase of growth. The cells were harvested, washed by 30 
ceutrifugation and resuspended in a sonication buffer of 
5 mM phosphate, 1 mM EDTA. 2 tuM mercaptocthano! 
pH 7.5 in an amount of approximately 20 nig dry weight 
per ml. They were then disrupted with an MSE ultra- 
sonic disintegrator for 4 minutes (in 30 second bursts 35 
while cooled). The resulting crude extract was sepa- 
rated from cell debris by centrifugation. As well as 
containing pyruvate kinase (I) this extract also con- 
tained an interfering isoenzyme with different proper- 
ties, and also a number of other interfering enzyme 40 
activities. It was found, however, that it was possible to 
remove these contaminants by heating the extract to 55* 
C. for 20-60 for example 45 minutes. This is the source 
of pyruvate kinase (I) referred to in the following exam- 
ples! 45 

Example Dl - .... - : 

Detection of Pyruvate kinase (ft) 

In order to demonstrate the enhancement in sensitiv- 
ity brought about by the method of this invention an 
assay for pyruvate kinase (II) was carried out with and 
without a secondary system to produce amplification. 
The two assays may be represented as follows: 




a or, 



ATP 
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NADH 
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Assay u ghoul Amplification 

ra\ ,aop 
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55 
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65 



Avwy with amplify * in mi 



As PK(I) can in the absence of FDP be activated by 
a high enough concentration of PEP, it is necessary to 
limit the PEP concentrations used to those which will 
not cause spontaneous activation, while maintaining a 
sufficient substrate concentration for the enzyme. A 
concentration of I mM has been found to satisfy these 
requirements under the conditions employed so far. 

In the assay system without amplification PK(II) 
converts PEP and ADP into pyruvate and NADH to 
NAD and lactate. The change in concentration of 
NADH can be monitored by absorbence at 340 nm. 

In the assay system with amplification (that is the 
assay incorporating the secondary system) the preced- 
ing sequence takes place but in addition the secondary 
system generates ATP. In this amplified system, in addi- 
tion to the PEP, ADP, NADH, PK(II) and LDH pres- 
ent in the non-amplified system, the following are also 
present: F6P, PFK and PK(I). In the presence of ATP 
(generated by catalyst PK IJ) the PFK converts the 
F6P into FDP. The FDP activates the PK(I) which 
then is available to convert the PEP and ADP to ATP 
and pyruvate. The ATP thus produced feeds back 
within the secondary system and the pyruvate is con- - 
verted into lactate by LDH in the presence of NADH. 
This end reaction is monitored at 340 nm as in the unam- 
plified assay. 

To indicate the usefulness of this amplification 
method the PK(U) was initially assayed by the direct 
reaction as follows: The assay mix was as shown in 
Table 6 (left column) with a bufTcr consisting of 10 nM 
dimethylglutamate (DMG) pH 6.8 5 mM MgCl2. All 
assays were carried out at 30* C. The PK(Il) was ob- 
tained from Calbiochcm and, as a result of trials, a stan- 
dard amount chosen which gave the activity show f n in 
the Table. This amount was used for all following ex- 
periments. PK(I) was as in previous experiments. 

The assay system including the positive- feed -back 
amplifier was composed as shown on the right hand 
column of Tabic 6. The activity attribuatablc to the 
addition of the same amount of PK(II) as before and 
after allowing the feedback system to get underway for 
seven minutes, is shown. The activity attribuablc to 
PK(II) is raised eleven times over the direct method. 
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Ducci 



aw* 



API* 
PI V 


0 4 tuM 


0 4 mM 


1 0 mM 


1 0 mM 


NAOH 


0.1 mM 


0 I mM 


t l>M 


I.I u 


I.I u 


I'M"! 
IM' 


standard 


ttaudarrt 

2.0 mM 


ITK 




10 V 


FK<l| 




Itl |il 


Ouflri 


To 1.0 ml 


lo 1.0 ml 


Rate tif Change 


0.005 


0 055 








I'mtit at >40 nm 






|M-t 10 minuicO 







pages 789-793, edited by Hans Ulrich Hergmeyer and 
published by Vcrlag Chemie Gmbh, Weinheim, 1974. 

For determination of creatine kinase a quartz cuvette- 
for use with 1.0 ml assay mixtures is made to contain a 
solution of the following composition: 



10 



15 



Using the direct method, the standard amount of 
PK(II) could just about be detected whereas it was 
quite readily detectable using the feed-back amplifier. 



ADP 


0.4 mM 


pup 


1.0 mM 


NAD" 


0.1 mM 


LDH 


I.I U 


F6P 


2.0 mM 


PFK 


1.0 U 


PK(I) 


10 fit 


MgCtj 


10 mM 


CP 


5 mM 


CK 


material assayed 



The mixture is combined in DMG buffer to a Final 
volume of 1.0 ml, pH 6.8 and a DMG concentration of 
20 25 mM. On addition of the material to be assayed the 
contents of the cuvette are mixed and the oxidation of 
N ADH followed spectrophotometrically at 340 nm and 
30* C. as before. Ten-fold dilutions of creatine kinases 



Example 02 
Detection of ATP 

In this example the same basic system described in ^ ^ ^ 

Example I was again used, but instead of the system (cfeatinc p hosphokinases) obtained from the Sigma 
being used to detect an enzyme capable of giving rise to 2J chemical Company (Type I from rabbit mus- 

ATP, the pre-existing ATP in a solution was assayed, ^ C3755 Type III from bovine heart. C7886 and 
using a PK(I) extract which had been prepared by heat- 
ing at 55* C. for 60 minutes. . 

As in the previous example, the assays were carried 
out in quartz spectrophotometer cuvettes for use with }[) 
1.0 ml assay mixtures. They were made to contain: 



ADP 

PUP 

NADH 

LO" 

f«p 

pico) 

n-K 

material to be assayed 
buffer to 



0.4 mM 

1.0 mM 
01 mM 

1.1 U 
Z.O mM 
lOfil 
1.0 U 

I ml 
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All dilutions and solutions were made in this same 
buffer. The buffer was 10 mM dimethyl-gtutarate pH 
6.8 and containing 5 mM MgCU- 

The test solutions were made to give a final. All 45 
concentration in the cuvette of: 0.4 mM; 0.05 mM; 0M 
mM* 0.001 mM; 0.0001 mM;conlrol-with no ATP. On 
addition of a sample to the cuvette containing the above, 

components the contents were mixed and the oxidation arn0 unts of myoxmase a sumcicnuy «™ T 

of NADU followed at 340 nm and 30' C. with a spec- 50 plc l0 mM) may be employed in the assay. (Inclusion ol 
trophotometer. The higher concentrations of ATP gave AMp jn my% invo lving biological fluids is similarly 
rise to an earlier initiation of observable NADH oxida- 
tion and subsequently increased in their rate faster than 
the lower concentrations. The method therefore has 
utility both in showing the presence of very low con- 
centrations of ATP and also in demonstrating concen- 
tration. 

Example H3 
Detection of Creatine Kinase 
The basis for this example is the same as (hat for with 
nyruvalr kinase described in Example 1. Using the same 
system creatine kinase can be delevlcil in Hie presence 
of its substrate creatine phosphate as then (he creatine 
kinase gives rise lo A I P from the ADP present and tins 65 
activates the svsicm as described in the previous exam, 
nle The assav conditions ihem<chcs arc in part based 
upon ih-* d^ribed m Met'vvS ir. Eniynu'.i; 3r.,!>s.< 



55 



cle, C3755. Type III from bovine heart, C7886 and 
Type IV from rabbit brain, C6638) are made to provide 
final concentration of from 1 U to 0.001 U in the assay 
mixture when added. Creatine kinase specific activation 
of the system leads to NADH oxidation, in an analogous 
manner to the previous example and is dependent on 
CK. conce ntration . 

Example B4 
Detection of Creatine Kinase 
Example 3 may be repeated including 10 mM of 
NAC. (This acts as an thiolic activating agent for the 
enzyme and aids in increasing the sensitivity of the 
system.) 

Example D5 

Detection of Creatine Kinase in suspended presence of 
myokinase 

Myokinase is sometimes a minor contaminent of en- 
zymes such as PK(i). In order to allow the assay of 
examples 3 or 4 to take place in the presence or trace 
amounts of myokinase a sufficiency or AMP (for exam- 
pic 10 mM) may be employed in the assay. (Inclusion or 
AMP in assays involving biological fluids is similarly 
desirable for this reason). 

Example 136 

Five hundred units of creatine phosphokinasc from 
bovine heart and obtained from the Sigma (London) 
Chemical Company Ltd (Type III catalogue number 
C7886) was dissolved in I ml of the standard buffer used 
in the assay-namely: 10 mM dimcthyl-glutarate buffer 
at pH 6.8 and containing 5 mM MgCI 2 and 0.1% in 
bovine scrum albumin (Sigma London catalogue num- 
ber A600*). Three ten-fold serial dilutions of this en- 
zyme solution were then made using the same buffer, 
fen micro-liter aliquots of each of the dilutions were 
then tested in standard mi Mures of the following com- 
position for their ability to form ATP and thus activate 
the ^^om 



43 



4,446,231 



44 



ADP 

ri:P 

NADU 

F6P 

CP 

LDH 

PFIC 

PK(1) 



0.4 utM 

1.0 m.M 

O.t mM 

2.0 mM 

4.0 mM 

I enzyme unit 

I rntynic unii 

10 pi standard preparation 



The rate of change of absorbencc at 1.5 minutes after 
mixing was found to be as follows: 



CP concentration 



O.D. Unit* (340nm) 
change/minute at 1.3 minute* 



4.0 mM 
0.4 mM 
nil 



0.0118 
0.0070 
0.0011 



The LDH was obtained from The Uoehringer Corpora- 
tion (London) Ltd— Cat. No. ! 27884 (from rabbit mus- 
cle). All other components except the standard l*K(l), 
which was prepared as previously described, were ob- 
tained from the Sigma (London) Chemical Company 
and were as follows: ADP Grade 1 Cat. No. A 0127; 
PEP mdnopotassium salt Cat. No. P7127; NADH dipo- 
tassium salt Cat. No. N 4505; F6P disodium salt Grade 
I Cat. No. F 3627; CP disodium salt hydrate Cat. No. P 
6502; PFK Type III from rabbit muscle Cat. No. F 
6877. 

The complete assay mixture for each test was made to 
I ml with the standard buffer in a suitable quartz spec- 
trophotometer cuvette at 30* C. On addition of the final 
component (the creatine phosphokinasc to be assayed) 
the contents of the cuvette were well mixed and the 
oxidation of NADH followed by continuous monitor- 
ing at 340 nm. The rate of change in optical density at 
two minutes after initiation was taken for each test and 
used to compare the activities as follows: 



Units of CK in final 


O.D. Units (340nm) 


assay mixture 


change/minute at 7 minutes 


0.0S 


0.0216 


0.005 


0.0068 


nil 


0.0017 



Enzyme Units where quoted in the text are those 
units used by the particular manufacturers for the en- 
zymes they have supplied. 

Example B7 

This example uses the same reagents and conditions 
as Example 6, however, instead of showing the depen- 
dence of the system on the enzyme creatine kinase in the 
presence of its substrate creatine phosphate it shows 
that the system can be made dependent oh the presence 
of the substrate creatine phosphate if creatine kinase is 
present as a reagent. 

Mixtures were made up in 10 mM dimcthyl-glutamatc 
buffer at pH 6.8 and containing 5 mM MgClj and 0. \% 
in bovine serum albumin as follows: 



10 

The system was seen to be dependent on the presence 
of creatine phosphate and the concentration thereof. 

This invention relates to chemical compositions and 
their use in enhancing assays. 

15 In my European Patent Application No. 803034784 I 
disclose inter alia how a ligand or receptor could be 
determined by carrying out an assay requiring a conju- 
gate between the ligand or receptor and a primary en- 
zyme which was capable of producing a modulator for 

20 a secondary system, allowing the primary system to 
produce the modulator and allowing the secondary 
system to function in the presence of the modulator and 
determining a product of that secondary system. In my 
later as yet unpublished British patent application No. 

25 8,107,249 (incorporated herein by cross reference) I 
further described the effectiveness of cycling the coen- 
zymes NAD and NADH and the desirability of initiat- 
ing the coenzyme cycle by producing NAD by the 
action of a phosphatase conjugate upon NAD P. 

30 It has now been discovered that a simple mixture of 
chemical may be employed to adapt conventional sys- 
tems for determining a ligand or its substrate employing 
a phosphatase conjugate which produces NAD which 
adaption can be used to produce a more conveniently 

35 detectable change. 

The present invention provides a cjtemical composi- 
tion comprising (i) NADP, (ii) an enzyme capable of 
oxidising a substrate to product in the presence of NAD 
as coenzyme for the enzyme, (iii) a substrate for said 

40 tnzyme (iv) thiazolyl blue and (v) an electron transfer 
reagent for thiazolyl blue. 

When employed in determining a ligand or receptor 
these reagents take part in the following system: 



ADP 


0.4 mM 


0.4 mM 


0.4 niM 


PEP 


1.0 mM 


1.0 mM 


1.0 mM 


NADH 


0.1 mM 


0.1 mM 


0.1 mM 


F6P 


2.0 mM 


2 0 mM 


2.0 mM 


LDH 


1 U 


1 V 


1 U 


PFIC 


1 V 


I V 


1 V 


PKfH 


10 /it 


10 pi 


10 


CK 


00? V 


00! V 


0 0! L* 


CP 


4?.T.M 
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coloured 

product, 



electron transfer 
reagent 



thiazolyl 
blue 




NADP 

jphocphataae-conjugatc 

NAD } "trirtrmtc 



enzyme 



NADH 




porduct 



The enzyme employed may favourably be alcohol 
dehydrogenase (hereafter ADH), lactate dehydro- 
genase (hereafter LDH) or other similar enzymes which 
60 require selectively NAD and not NADP as cofactor 
such as formate dehydrogenase, acctaldehydc dehydro- 
gena.se. glyoxylate dehydrogenase, D-glycerate dehy- 
drogenase. L-malate dehydrogenase, dihydro-orolate 
-iz u .~- zrr.zm. c^ochrosx b« reductase, hydrogen 

r ~-r :*r: : :rus. s/v'ir : <cr.&- n'u-w :>rr« • 
.". ... . .... Wjuj. i^'vrrvisTaft* cr *:*:*. iv'rr 
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UlM't.i dehydrogenase. /J-hydi oneroid dchydro- propancdiol-HCI; c.haiiolaminc-ltCI; dic.hanotaminc- 

gcuiisc. !-«t-hydroiiys.croid dehydrogenase, eyto- MCI; boaratc-HCI: glycine-NaOH. 

chrome c reductase. Suitable buffers for maintaining acid pH values in- 

The substrate lor ADM will he an alcohol such as elude: citric acid-NazHI'Ch; citric acid-sodium citrate; 

eihanol. The substrate for LDII will be lactic acid or 5 /3:/r-dimethylglutaric acid -NnOH; sodium acetate- 

more conventionally a salt thereof such ns its sodium acetic acid; succinic acid-NaOH; sodium cacodylate- 

wlt. The substrate for ronnate <U-h>drogenasc will be HCI; sodium hydrogen malcatc-NaOH. 

formic acid or more conventionally a salt thereof T he Pic compositions of this invention most suitably arc 

suhsliale Tor acclaldehydc dchydrngenasc will be acet- provided in the form of a single formulation such as a 

<.Mrl.ydc The substrate for gtvuvlalc dehydrogenase >« «■»»!«. powder within a sachet, bottle or scaled tube or 

will be glyoxylic acid or more conventionally a salt the like. Alternatively the composition or this invention 

.hereof The substrate for D-glyceiate dehydrogenase * provided in two or more part formulation 

will be O glyceric acid or more conventionally a salt within a single package when some of the component 

thereof. Hie substrate Tor L-malate dehydrogenase will of the composition arc m one part (such as a tablet, 

he I -malic acid or more conventionally a sal. thereof. » l»wder or the like) and the other components are in one 

" . " r ... . ' , u*.Ar^~ n .,*~ or more other parts (such as another tablet, powder or 

The substrate for dthydr^^^ or ^ within a bottle or the Iike).Normally 

be dihydm-orotic acid or ™ f™™ 1 ™?^ "J multi-part formulations do not contain more than four 

thereof, rhe substrate for cytochrome b, reduc ase ^wil P ^ ^ ^ ^ ^ 

be cytochrome b 5 «n its reduced form, rhe substrate for P J morc ^ %wq Mu , £ formuIa { ions 

hydrogen dehydrogenase will he hydrogen. The sub- m ^ ^ of usc ^ % f w ^ t is rc . 

sirate for a-glyecrophosphatc dehydrogenase will be d lQ ^ ^.^ alc ff0m ^ 

t.-glycerophosphate. The substrate for triphosphate ^ whcn stabililics can ^ achicvcd by maintain, 

dehydrogenase will be triphosphate^! he substrate lhe componcnls scparalc . 

for D-glucosc dehydrogenase will be D-glucose. The 2$ Thc ^ forms of {hh invcntion may ^ prepared by 

substrate for dihydrolipoatc dehydrogenase will be convC ntional methods of mixing and tabletting (prcfera- 

lipoamide, lipoic acid or more conventionally a salt w undef dfy cond i t j ons ) an d conventional excipients 

thereof. The substrate of glutathione reductase will be may ^ cmpIoyed m conventional manner as long as 

glutathione in its reduced form. The substrate for L-/J- lhey afC chosen t0 a^j interfering with the assay, 

hydroxybutyryl CoA dehydrogenase will be L-£- 3Q Sim {| ar | y solutions may be prepared by disolving the 

hydroxybutyryl CoA. The substrate for UDPG dehy- materials in deionised or distilled water and filled into 

drogenase will be uridine-S'-diphosphoglucuronic acid containers. 

or more conventionally a salt thereof. Thc substrate of ^he compositions of this invention also aptly contain 

0-hydroxysteroid dehydrogenase will by a ^-hydroxys- a sourcc 0 f magnesium ions such as magnesium chlo- 

tcroid. The substrate of 3-u-hydroxy steroid dehydro- 35 r ; de 

genase will be a 3-a-hydroxystcroid. The substrate of Solid forms of this invention may be wrapped in 
l7-/J-hydrdxystero:d dehydrogenase will be a 17-/J- water-proof wrappings such as foils or the like£* 
hydroxysteroid. The substrate for cytochrome c reduc- Multidose forms wilt be packaged together in con- 
tuse will be cytochrome c in its reduced form. ventional manner, for example in a box, carton, pouch, 
The electron transfer reagent is most suitably phen- 40 envelope or the like or are wrapped with film or the 
az.ine ethosulphale (hereafter PES) which aids in the ifte. 

production of the colour change which occurs on the Normally the compositions are provided with a light 

reduction of thiazolyl blue (hereafter MTT) (also called proo f package. 

3(3 ( 4-dimcthylthiazoIyl-2-)-2,5-diphenyl tctrazolium) The compositions of this invention will normally t>e 

when a yellow colour is converted to a dark colour (a 45 accompanied by instructions for use. 

blueish/greyish/blackish colour). This colour change Also within the scope of this invention is a chemical 

may be detected visually and. quantification can be composition hereinbefore described containing alcohol 

achieved by comparison to standards oc by measure- dehydrogenase as thc enzyme except in this aspect the 

ment with a colourimeter set to 570 nm. composition does not contain ethanol which may be 

The composition of this invention will desirably also 50 subequently added from another source, 

contain (vi) a bufTer. The bufTer will be chosen so that i n a favoured aspect this invention provides an aque- 

the system operates under favourable conditions of pH. 0 us solution of components (i), (ii). (iii), (i v) and (v) of 

If the phosphatase-conjugate employed is a conjugate the chemical composition hereinbefore set forth, 

of alkaline phosphatase thc bufTer employed to maintain Most aptly thc aqueous solution of this invention will 

the coenzyme cycle will suitably be one which also 55 also contain buffers to maintain its pH to the conditions 

allows the alkaline phosphatase to operate, for example ~ as set forth hereinbefore. 

P H 8-10.5, more aptly 8.7-9.5 for example 9.3). If the In use the aqueous solution containing the comno- 

phosphatase-conjugatc cmployed is a conjugate of acid ncnls of thc chemical composition is contacted with 

phosphatase then it may be that the coenzyme cycle phosphatase-conjugate being determined (which may 

does not work efficiently at the pH required for the 60 be in solution or on a surface). Thc solution is then left 

initial reaction (generally pi I 4 -7. for example 5.6). until a colour develops or for a predetermined time, for 

Under such circumstances the initial reaction is allowed example 1-60 minutes or morc conventionally 20 miu- 

to take place at such acid pll and thc coenzyme cycle utes. 

subsequently takes place buffered to the preceding alka- The compositions of this invention will contain the 

line pH values 65 components in* amounts such that a suitable colour 
Suitable buffers for maintaining alkaline pi I values change occurs when tested against standard samples of 

include sodium 5:5-diclhylbarbiiuraic-HCI; Tris(hy- thc phosphatase-conjugate. 

droxvmcthyDaminomcthane; 2-amino.2-mcthyll:3- Thc following examples illustrate thc invention. 
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EXAMPLE I 

A Composition Suitable for Enhancing Alkaline 
Phosphatase-Conjugate Dependent Assay 

a. A solution is prepared of 100 ml consisting of 0. 1 M 
fthaiiolamiiic-HCI with 5 tnM MgCbandO l M ethanol 
i*t pll 9.3. The solution is placed in a brown glass 120 ml 
bottle which is then closed. 

I» A mixture of the following: 
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lltu/.<tlyl) blue 


4.1 mg 


|tht-itH/inc rthmulphale 


1 7 mg 


SAUV 


7 6 rug 


alcohol dehydrogenase 


2.4 nig (of Sigma Chemical Company 




catalogue mimttcf A 3263 780 unit* 




of enzyme). 



10 



15 



Chemical Company catalogue number A3263^780 
unils of enzyme). 2Q 

The materials in powder form are placed in a foil 
sac het which is scaled. 

c. The bottle and sachet arc placed in a foil pouch 
which is scaled. 

For use the pouch is opened and the bottle and sachet ^ 
removed. The sachet and bottle are opened and the 
added to the liquid in the bottle and allowed to dissolve. 
The resulting solution is suitable for use to enhance an 
assay requiring an alkaline phosphatase conjugate. It is 
preferably used immediately. Ixfss desirably it may be ^ 
stored in its closed dark brown bottle for a few hours at 
0*-4 # C. 

The 100 ml of solution is sufficient for 100 1 ml tests. 



EXAMPLE 2 
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A Composition Suitable for Enhancing Alkaline 
Phosphatase-Conjugate Dependent Assay 

This is provided as in Example 1 but with the alcohol 
dehydrogenase packaged separate from the other solids. 
In use the other solids are first added to the liquid and 40 
the alcohol dehydrogenase added subsequently just 
before the assay is conducted. 



EXAMPLE 3 

A Composition Suitable for Enhancing Acid 
Phosphatase-Conjugate Dependent Assay 

a. A solution is prepared of 25 ml consisting of 20 tnM 
citric acid-sodium citrate at pH 5.6. The solution is 
placed in a brown 30 ml bottle which is then closed. 

b. Solid: 



45 



50 



NADP 



7 6 nig 



This is placed in a foil sachet which is scaled. 

c. A solution is prepared of 75 ml consisting of 0.14 M 
ethanolamine-HCI and 0.1 M ethanol at pll 9.3. The 
solution is placed in a brown 80 ml bottle which is then 
closed. 

d. A mixture of the following: 
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phena/.ine ethosulphate 
alcohol dehydrogenase 



4.1 mg 
17 mg 

2 4 mg (Sigma AJMJ) 
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The materials in powder form are placed in a foil 
sac he I which is sealed. 



e. The bottles and sachets are placed in a foil pouch 
which is sealed. 

For use the pouch is opened and the bottles and sa- 
chets removed. Solid (b) is added to solution (a) and 
allowed to dissolve. Mixture (d) is added to solution (c) 
and allowed to dissolve, lite resulting solutions allow 
enhancement of an assay requiring an acid phosphatase- 
conjugate. One volume of the solution made from 
(b) f (a) is first added to the substance possible contain- 
ing the conjugate. If the substance be liquid its pll must 
have previously been adjusted to 5.6. After a set time 
such as ten minutes at a moderate temperature such as 
30" C. with gentle agitation (especially^ the acid-phos- 
phatase be solid bound) four volumes of the solution 
made from (d)+(c) is mixed in and the incubation con- 
tinued as above for a set time such as ten minutes or 
until a particular colour change is evident. 

The solutions described above for packaging and 
storing may be rendered sterile and stored in this form 
to increase their stability. For example a bacteriocidal 
concentration of sodium azide (such as 0.05%) may be 
added. 

What I claim is: 

1. In a method for determining a member of a ligaud 
and receptor pair which comprises an assay wherein: 

(a) a sample of a first member of the ligand and recep- 
tor pair is contacted with a matrix bound second 
member of the pair whereby said first member 
becomes bound to said second member: 

(b) the thus produced matrix bound first member is 
contacted with a conjugate which binds specifi- 
cally to the matrix bound first member which con- 
jugate comprises a phosphatase whereby said phos- 
phatase is bound to the matrix and w ' ^> 

(c) Th~c matrix bound and unbound conjugate are sepa- 
rated and the matrix bound or the unbound conju- 
gate is assayed; the improvement which Comprises: 

(d) contacting the conjugate to be assayed with a 
precursor for NAD whereby NAD is produced, 
and 

(e) contacting the thus produced NAD with the com- 
ponents of a secondary system which is activated 
by the NAD, said secondary system comprising a 
cyclic chemical reaction which in tercon verts 
NAD and NADH, neither of which is present until 
the production of NAD by the conjugate, and 
which secondary system maintains the increase in 
concentration of NAD produced by the conjugate 
and produces a determinable change, said compo- 
nents of the cyclic chemical reaction being present 
in sufficient quantity to maintain the cyclic chemi- 
cal reaction and produce determinable product at 
each turn of the cycle whereby amplification of the 
determinable change occurs. 

2. The improvement according to claim I in which 
the determinable change results from the production of 
a determinable product. 

3. The improvement according to claim 2 wherein 
the conjugate is a conjugate of an alkaline phosphatase. 

4. The improvement according to claim 2 wherein 
the conjugate is a conjugate of an acide phosphatase. 

5. The improvement according to claim 2 wherein 
the cyclic chemical reaction is allowed to proceed at 
pH 8-10.5. 

6. The improvement according to claim 5 wherein 
the pH is maintained by the presence of a bufTcr. 

7. The improvement according to claim 2 wherein 
the NAD is produced from NADIV 
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8. \ he improvement according to claim 2 wherein 
the assay is carried out at ambient lempciature. 

9. The improvement according to claim 2 wherein 
the phosphatase is bound to the ligand or receptor in the 
conjugate by reaction with a Afunctional conjugating 
reagent. 

!0. The improvement according to claim I wherein 
the immunoassay is for the detection of an antigen 

11. The improvement according to claim 1 wherein 
the immunoassay is for the detection of an antibody. 

12. The improvement according to claim I wherein 
the cyclic chemical reaction which mtcreonverts NAD 
and NADH comprises one enzyme catalyzed reaction 
and one non-enzyme catalyzed reaction. 

13. The improvement according to claim 12 wherein 
NAD is converted to NADH by a dehydrogenase. 

14. The improvement according to claim 13 wherein 
the dehydrogenase is alcohol dehydrogenase. 

15. The improvement according to claim 14 wherein 
the conversion of NAD to NADH accompanies reduc- 



tion of tetrazolium compound whereby a colour change 
is produced. 

16. The improvement according to claim 13 wherein 
the conversion of NADH to NAD accompanies reduc- 

5 tiou of a tetrazolium compound whereby a colour 
change is produced. 

17. The improvement according to claim 1 wherein 
the cyclic reaction comprises two enzyme catalyzed 
reactions. 

10 18. The improvement according to claim 17 wherein 
NAD is converted to NADH by a dehydrogenase. 

19. The improvement according to claim 18 wherein 
the dehydrogenase is alcohol dehydrogenase. 

20. The improvement according to claim 19 wherein 
15 the conversion of NAD to NADH accompanies reduc- 
tion of tetrazolium compound whereby a colour change 
is produced. 

21. The improvement according to claim 18 wherein 
the conversion of NAD to NADH accompanies reduc- 

20 tion of a tetrazolium compound whereby a colour 
change is produced. 
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